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Abstract The objective of the present investigation was to evaluate the 
oxidative stress during pregnancy and lactation in Lohi sheeps 
reared in Lybia. Investigations were carried out on total 70 Lohi 
sheeps between 1.5 to 5 years of age. Total of 40 sheeps were sub-
grouped into various stages of pregnancy along with non pregnant 
control group as follow: non pregnant (n=10), early (n=10), mid 
(n=10) and late pregnantcy (n=10), as well as milking stages such 
as lactation I (n=10), lactation II (n=10) and lactation III (n=10). 
Blood samples were collected from pregnant and lactating sheeps 





during various pregnant and production stages, and preserved at -
20 °C and further used for evaluating concentration of Total 
antioxidant status (TAS), Total oxidant status (TOS), 
Malondialdehyde (MDA), Superoxide Dismutase (SOD), Catalase 
(CAT), Vitamin E and C, Paraoxonase (PON-1), Arylestrase 
(Ary), Ceruloplasmin (Cp), Homocysteine (Hcy), Aspartate 
Aminotransferase (AST), Alanine Aminotransferase (ALT), 
Gamma-glutamyl transferase (GGT), Glucose, Cholesterol, High-
density lipoprotein (HDL-C), Low-density lipoprotein (LDL-C), 
Triglycerides (TG), Triiodothyronine (T3), Thyroxine (T4) and 
Cortisol. Statistical analysis was done by ANOVA and Duncan 
Multiple Range test. In pregnant sheeps TAS, TOS, MDA, SOD, 
CAT, PON-1, Ary, Hcy, AST, cholesterol, HDL, LDL, TG, T3, T4 
and cortisol showed significantly different results. TOS, MDA, 
Ary, Hcy, cholesterol, TG and cortisol have been increased from 
non pregnant ewes and does to early, mid and late stage of 
pregnancy whereas, TAS, SOD, CAT, PON-1 and HDL-C showed 
a significant decrease with the progression of pregnancy. 
Moreover, AST and LDL-C have been increased from non 
pregnant to early and mid pregnant ewes, however their values 
were decreased in advance stage of pregnancy. T3 values were 
increased with the progression of pregnancy in Lohi sheep 
whereas T4 concentration was decreased from non pregnant ewes 
to early pregnant ones but increased during mid and late stages of 
pregnancy. In Lohi sheeps vitamin E, vitamin C, Cp, ALT, GGT 
and glucose gave significantly the same values during various 
stages of pregnancy. Irrespective of groups, overall mean values 
among various stages were significantly different for TAS, TOS, 
MDA, SOD, CAT, Ary, Cp, Hcy, AST, GGT, cholesterol, HDL, 
LDL, TG, T3 and cortisol. During lactation, TOS, MDA, SOD, 
CAT, Cp, GGT, cholesterol, LDL-C, triglycerides, T3 and T4 were 
manifested significantly different results during various stages of 
lactation. In ewes, TOS, MDA, SOD, CAT, Cp and cholesterol 
showed their maximum concentration during lactation stage II; 
however, LDL-C and T4 were giving the least values during this 
peak lactation period. Additionally, GGT, triglycerides and T3 
concentrations decreased from lactation I to III. The overall mean 
values for TAS, TOS, PON-1, Ary, Hcy, Cp, AST, GGT, 
cholesterol, LDL-C, triglycerides, T3, T4 and cortisol presented 
significantly different results. The present findings revealed that 
pregnancy and lactation were the most stressful and energy 
demanding physiological periods thus marked changes in 
prooxidant and antioxidant system along with higher strains in 
liver enzymes, hormones, glucose and lipid profile were observed. 
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Aim of these research were to investigate the oxidative stress during pregnancy 
and lactation in Lohi sheeps reared in Lybia. Investigations were carried out on total 
70 Lohi sheeps in age between one and a half to five years, respectively. Total of 40 
sheeps were sub-grouped into various stages of pregnancy along with non pregnant 
control group as follow: non pregnant (n=10), early (n=10), mid (n=10) and late 
pregnantcy (n=10), as well as milking stages such as lactation I (n=10), lactation II 
(n=10) and lactation III (n=10). Blood samples were collected from pregnant and 
lactating sheeps during various pregnant and production stages, and preserved at -20 
°C and further used for evaluating concentration of TAS, TOS, MDA, SOD, CAT, 
Tocopherol and Ascorbic acid, PON-1, Ary, Cp, Hcy, AST, ALT, GGT, Glucose, 
Cholesterol, HDL-C, LDL-C, TG, T3, T4 and Cortisol. Statistical analysis was done by 
ANOVA and Duncan Multiple Range test. In pregnant sheeps TAS, TOS, MDA, SOD, CAT, 
PON-1, Ary, Hcy, AST, cholesterol, HDL, LDL, TG, T3, T4 and cortisol showed 
significantly different results. TOS, MDA, Ary, Hcy, cholesterol, TG and cortisol have 
been increased from non pregnant ewes and does to early, mid and late stage of 
pregnancy whereas, TAS, SOD, CAT, PON-1 and HDL-C revealed a considerable 
reduction with ongoing gestation. Additionally, AST and LDL-C get increased from non 
pregnant to early and mid pregnant ewes, however their values were decreased in 
advance stage of pregnancy. T3 values were increased with the progression of 
pregnancy in Lohi sheep whereas T4 concentration was decreased from non pregnant 
ewes to early pregnant ones but heightened throughout middle and final gestation 
phases. Concerning Lohi sheeps vitamin E, vitamin C, Cp, ALT, GGT and glucose gave 
significantly the same values during various stages of pregnancy. Irrespective of 
groups, overall mean values among various stages were significantly different for TAS, 
TOS, MDA, SOD, CAT, Ary, Cp, Hcy, AST, GGT, cholesterol, HDL, LDL, TG, T3 and cortisol. 





During lactation, TOS, MDA, SOD, CAT, Cp, GGT, cholesterol, LDL-C, triglycerides, T3 and 
T4 were manifested significantly different results during various stages of lactation. In 
ewes, TOS, MDA, SOD, CAT, Cp and cholesterol showed their maximum concentration 
during lactation stage II; however, LDL-C and T4 were giving the least values during 
this peak lactation period. Additionally, GGT, triglycerides and T3 concentrations 
decreased from lactation I to III. The overall mean values for TAS, TOS, PON-1, Ary, Hcy, 
Cp, AST, GGT, cholesterol, LDL-C, triglycerides, T3, T4 and cortisol presented 
significantly different results. The present findings revealed that pregnancy and 
lactation were the most stressful and energy demanding physiological periods thus 
marked changes in prooxidant and antioxidant system along with higher strains in 
liver enzymes, hormones, glucose and lipid profile were observed. 



















Free radicals are important unstable and reactive molecules which are formed as 
by-products of oxidation reduction reactions and are categorized as ROS and RNS [1]. 
Generally, development of ROS were was equivalent to removal of these species and 
animals were in the status of oxidative balance [2]. Actually, an inequity or imbalance 
could arise whenever, the formation of ROS increases or there was decrease in rate of 
their removal through antioxidant systems [3,4]. This condition is called oxidative 
stress [5]. Oxidative stress means status of oxidative overload, whether this term used 
for the cell, organ or organism [6].  
Due to oxidative stress, not only the structure but functions of the lipids, proteins, 
nucleic acids and enzymes were damaged and consequently cause tissue damage [7]. 
The oxidative damage of lipids through ROS is normally produced during various 
physiological statuses in a balanced, suitable amount of these radicals and is an 
adaptive defense against stress [8]. However, lipid peroxidation in an excess is very 
critical and initiate self stimulating chain reaction and consequently released 
malondialdehyde (MDA) as degradation by-product and is key indicator of pro-
oxidants and used for evaluation of oxidative stress [4,9]. 





Oxidative stress study is very imperative in evaluating homeostasis disturbances 
and production in farm animals [10]. It is immensely hazardous because does not 
reveal any symptoms and is identifiable with immense difficulty by various analysis 
methods of antioxidant defense elements and products of oxidative stress in terms of 
ROS [3,11]. Oxidative stress is a new field used for evaluation of metabolic imbalances 
in farm animals for better maintenance and production of these animals. Very few 
conditions or statuses have been studied for determining influence of oxidative stress 
in sheep were evaluated oxidative stress when homeostasis is disturbed [12]. 
There may be imbalance of oxidative status during various physiological 
conditions like pregnancy [13], parturition [14] and lactation [15]. Pregnancy is 
associated with dynamic fluctuations in metabolic activities resulted into enhanced 
basal oxygen consumption and energy requirement [16]. Not only the appropriate 
hormones required for establishment of placenta but surplus nutrients were also 
needed for development and growth of foetus [17]. Thus mother’s reserves for 
nutrients were now mobilized to meet the demand and consequently formation of ROS 
were enhanced and both foetus and mother were facing oxidative stress [18]. Negative 
energy balance was evident during late pregnancy which consequently develops 
oxidative stress; enhanced lipid peroxidation and lowered activity of antioxidants [19]. 
National Research Council (NRC) was approved approximately 1.5 times more energy 
requirement of ewes for maintaining homeostasis in late pregnancy [20]. During 
parturition, mother’s physical attempt for foetus removal and the action of hormones 
were the cause of metabolic imbalance and excess development of ROS. Increased 
demands for energy during early lactation would initiate oxidative reactions and 
electron flow increased thus induced ROS formation [21]. 
As the development of ROS were counterbalanced through antioxidant defense 
system [22]. Antioxidants are those substances which could reduce, delay or prevent 
the oxidative damage targeted upon biomolecules [23]. The antioxidant defense 
system includes enzymatic (SOD, catalase and GSHPx) and non enzymatic antioxidants 
(vitamin E, vitamin C and ceruloplasmin) [24]. Superoxide dismutase (SOD) is first line 
of defense against ROS and convert O2- to H2O2 further more catalse convert H2O2 into 
oxygen and water [25]. Vitamin E containing α-tocopherol and protects against lipid 
peroxidation by reacting with ROS [26]. Vitamin C or ascorbic acid can check 





peroxidative process and also oxidized vitamin E [27]. Ceruloplasmin is an 
intravascular antioxidant and checks lipid peroxidation process and feed deficiency; 
its level was increased near parturition [28]. Paraoxonase-1 or arylesterase is 
associated in blood with high density lipoprotein (HDL) and hydrolyse 
organophosphates and aromatic carboxylic acids esters [29]. PON1 protects HDL and 
LDL from oxidation [30].  
To investigate redox status of the organism, it was recommended that there 
should be used at least 1 marker for oxidative damage (pro-oxidant) and 1 antioxidant 
marker [31]. The most efficient and successful method for measuring pro-oxidants and 
antioxidants equilibrium is through a single measure, total antioxidant status (TAS) 
and total oxidant status (TOS) [32]. 
Blood metabolic profile (BMP) was used for assessing metabolic status in 
veterinary clinical medicines [33]. It is a trustworthy tool to determine input and 
output ratio in terms of nutrient and production; maximum yield with minimum cost 
was obtained [34]. BMP includes the concept of diagnostic laboratory evaluation of 
certain components of the blood that predicted heath status of the animal with or 
without clinical symptoms. The BMP parameters in recent studies, includes glucose, 
cholesterol, HDL-C, LDL-C and triglycerides [35]. Glucose is the major energy 
metabolite needed for reproduction and production of animals [36]. Energy and 
nutrients requirement enhanced during pregnancy and lactation [37]. Cells of 
mammary gland have exploited almost 80% blood metabolites for production of milk 
[38]. There was increased serum lipid profile; enhanced cholesterol and triglycerides 
concentration because the target tissues have reduced receptiveness towards insulin 
along with enhanced fatty acids mobilization from adipose tissues during late 
pregnancy.  
Physiological statuses (pregnancy and lactation) are the critical phase that 
influenced upon various indicators of blood [39]. Pregnancy and lactation causes 
infilteration mass in liver and damage hepatocytes and consequently these cells 
release liver enzymes like Aspartate transaminase (AST), Alanine aminotransferase 
(ALT) and Gamma-glutamyltransferase (GGT) [40]. AST, ALT and GGT were 
progressively increased during pregnancy and at parturition time, highest 
concentration was noted [40]. Ewes during lactation were shown enhanced ALT 





activity as compared to dry ones [41]. Homocysteine (Hcy) is an amino acid and defend 
against oxidative stress through transsulfuration process. Hcy was studied for 
evaluating health status, feed deficiency; during pathological conditions and during 
various physiological conditions (pregnancy, lactation) [42]. 
Thyroid hormones, triiodthyronine (T3) and thyroxine (T4) are important for 
energy maintenance, thermoregulation and in reproduction for differentiation, 
development and growth [43]. T3 and T4 were shown an increased during late 
pregnancy than a decrease level during parturition and early lactating stage but again 
shown an enhancement during late lactation. Cortisol is oxidative stress indicator and 
its level differs during various stages of pregnancy and lactation [44]. 
For many centuries, sheep were used for obtaining milk, meat, skin, fiber, manure 
and also for various physical works in different conditions [45]. Some landless farmers 
in tropical arid areas kept sheeps for personal use and for sale. Sheep are very 
important due to their biological factors such as short generation interval, twinning, 
have short growth periods, and do not require much space. 
Among various breeds of sheep, Lohi breed is famous for its high-quality meat 
along with high growth rate and maximum income is achieved through lamb 
production [46]. It is having large and massive body with average weight of 45-62 kg. 
Body colour is white with dark brown head but drooping ears and tail is heavy and 
small. Lohi sheep were given 40% of national sheep production [46].  
Oxidative stress determination is best tool for improved reproductive 
performance in sheep [47]. As no significant information is available in the literature 
on the Lohi sheep [48] on the physiological biomarkers in relation to pregnancy and 
production at different stages, it is being hypnotized that these biomarkers during 
different stages of pregnancy and production will behave quite differently. 















2.1. Free radicals 
 
Any species or group of species with one or more unpaired electrons and can 
have its own independent existence is known as “free radical” [49]. These highly 
reactive and unstable free radical species donate or gain electrons from other 
molecules for the sake of pairing their electrons and can generate more stable species. 
Free radicals are generally produced as by-products of redox (oxidation-reduction) 
reactions and are categorized into two main groups: reactive oxygen species (ROS) and 
reactive nitrogen species (RNS) [50]. But generally, RNS like NO (nitroxide) are also 
recognized as ROS [51]. ROS perform as major important mediators in all the cell 
functions when produced in physiologically limited concentrations [52]. However, 
they provoke oxidative stress when formed in surplus quantity and can be the cause of 
cell as well as the tissue injuries [52]. 
Nitric oxide (NO) and nitrogen dioxide are common examples of reactive 
nitrogen species [53]. Through nitric oxide synthase (NOS) enzyme; conversion of L-
arginine to L-citrulline will resulted into Nitric oxide (NO) [54]. NO being unpaired 
electron is behaving like highly reactive free radical and not only damages 
carbohydrates, nucleotides, proteins and lipids but along with other inflammatory 
mediators causes cell and tissue damage, low grade, inflammation and adhesions [54]. 





The three major significant types of ROS are: hydroxyl (OH•), superoxide (O2•-) 
and hydrogen peroxide (H2O2) [3,4,55]. When leakage of electrons occurred from 
electron transport chain than there is production of superoxide radical and through 
the process of superoxide dismutation hydrogen peroxide was produced. The hydroxyl 
ion (OH•) is also extremely reactive and have ability to convert purines and 
pyrimidines and also can affect DNA strands resulting in DNA damage. Similarly, 
hydrogen peroxide radical was directly synthesized through oxidase enzymes [56]. 
Reactive oxygen metabolites (ROMs) having the ability to attack all of the major 
categories of biomolecules, however the most vulnerable class include lipids. More 
than 100 diseases were implicated through ROS [57]. Additionally they have more 
adverse effect in the physiological and pathological function in female reproductive 
tract. Different researchers have studied the impact of ROS in ovaries  oviducts and 
embryos [58]. There is involvement of ROS in the modulation of all the aspects of 
physiology of reproduction such as oocyte maturation, ovarian steroidogenesis, role 
played by corpus luteum and also in luteolysis and also causes female infertility. ROS 




2.2. Oxidative stress 
 
Under physiological conditions, antioxidants cause inhibition of free radical 
generation and also prevention of substrate oxidation or can behave as scavengers and 
through the process of neutralization of free radicals, change them into molecules 
which are chemically stable [60].  
A critical balance exists between generation of free radical and defence system 
through antioxidant. Oxidative stress occurs when there is inequity between oxidants 
and antioxidants in support of oxidants [61]. Oxidative stress can be described that 
metabolic condition of cell, tissue, organ or as an entire individual with oxidative 
overload. The occurrence of oxidative stress is dependent to that route from which ROS 
are generated. It can be sub-categorized as metabolic oxidative stress, environmental 
oxidative stress, photoxidative stress or nitrosative stress [61]. Metabolic oxidative 





stress is dependent to activity of mitochondria since O2 consumption is not absolutely 
match to the production of ATP [24].  
Oxidative stress is sometimes useful to stimulate biological pathways at that time 
when counterbalancing by antioxidants and necessary to adapt the animals. Like it 
stimulate repairing and healing of tissues; therefore is not damaging at all time, but 
only in excess production [28]. Oxidative stress is tremendously hazardous since it did 
not reveal any signs and is identifiable with immense difficulty through some of the 
general analysis methods. This variation of oxidative balance causes an oxidative 
stress and cellular or tissue damage if it was not efficiently counter balanced by 
antioxidant systems and thus organisms are exposed to various degenerative diseases 
[44]. ROMs are generally produced during normal physiological functions but when 
produce in excess i.e. during strenuous activities and pathological conditions induces 
oxidative stress. Therefore free radical evaluation through oxidative stress will 
determine the organism condition[57]. 
During pregnancy, ewes having multiple fetuses are facing more strenuous 
metabolic stress and is the main reason of pregnancy toxaemia and they are 
influencing not only energy requirement through metabolism but also albumin and 
bilirubin that in turn affect antioxidant status [62]. This status is also affected by 
antioxidants provided through food [62].  
During pregnancy, ROS are produced by foetus and mother for the growth of 
foetus in terms that ROS promote replication, differentiation and maturation of cells 
and organs [63]. Additionally, ROS are involved for implantation, development and 
defense of embryo in uterine infection, maintenance of pregnancy, birth process and 
steroidgenesis [63]. However, ROS when exceed can cause mother-foetus exchange by 
placenta degeneration, embryo resorption, disturbed growth and stillbirths. In a study 
of effect of antioxidant enzymes in sheep corpora lutea (CL) was studied and have 
resulted that through enhancement of these enzymes activities, luteolysis was rescued 
[64]. ROS are normally generated in steroidogenically healthy luteal cells and were 
protected from luteal steroidogenic activity and cellular integrity through these 
antioxidants [64]. 
 Transition period is the risky period in terms of alterations in metabolic 
disturbances and energy homeostatsis due to enhancement of milk production. 





Negative energy balance (NEB) was generally occurred during this period when 
animals passed from a stage of late pregnancy to early lactation due to striking 
augment of energy requirement. NEB requires interactions of metabolic fuels and its 
failure was faced by liver and adipose tissues. As a result of NEB, nonesterified fatty 
acids (NEFA) are produced in the liver and cause of excess ROS production and 
development of oxidative stress. Hence, antioxidative or prooxidative statuses along 
with metabolic profiles are a helpful means for evaluation of health and production 




2.3. Evaluation of oxidative stress 
 
Numerous studies were performed to examine the oxidative stress parameters 
in ewes when homeostasis is changed [66]. Pregnancy and lactation are physiological 
conditions of the animals in which there is increased demand of energy and oxygen in 
all tissues specially placenta and foetus. Similarly, for milk production there required 
an adequate amount of energy thus enhances oxygen consumption. It is most likely to 
be happened that ROS and antioxidants might be related to various important 
processes like milk production [13,66]. 
 There are four major steps for oxidative stress including ROS production, 
Antioxidant defense, oxidative damage and oxidative repairing [67]. The evaluation of 
oxidative stress due to shorter life span of ROS and repair system capability 
measurement in vivo are very challenging tasks. Consequently, researchers majorly 
focused on indirect OS biomarkers which detect damage to DNA, plasma membranes, 
proteins and lipids. Biologists have suggested that to evaluate ROS or redox status of 
an organism, there must be studied one marker for antioxidant defense and at least 
one marker for oxidative damage [67,68]. 
There are so many researches which proof that the main attacking sites of 
oxidative stress are the plasma membranes or intracellular organelles membranes 
where ROS reacted with unsaturated fatty acids and thus cause peroxidation of 
membrane lipids [4]. The targeted molecules for oxygen radicals are unsaturated fatty 





acids which were mainly associated with the phospholipids of the membranes and as 
a result cause disarrangement of cell structure and its function [69]. Peroxidation of 
the membranes causes an outflow of cellular material and desiccation which ultimately 
cause cellular death. Polyunsaturated fatty acids produced lipid peroxides which are 
highly reactive and unstable and readily decomposed into a series of compounds like 
malondialdehyde (MDA). Lipid peroxides derived from polyunsaturated fatty acids are 
unstable and are decomposed to form a series of compounds, including 
malondialdehyde (MDA). MDA is used as a biomarker of pro-oxidants and readily used 
for oxidative stress evaluation [4,55]. 
Free radical production is accessed through plasma level of ROMs [70]. It is a 
term which is used for the calibration of not only superoxide anion and hydroxyl 
radical, but various non-radical oxygen derivatives like hydrogen peroxide and 
hypochlorous acid. A ROMs kit was discovered to evaluate plasma and different other 
body fluids oxidant status. The electron spin resonance was used to evaluate ROMs test 
and has been proved best “gold standard” for determining oxidative stress. Electron 
spin resonance has not been appropriate for usual evaluation of stress because of 
complexity and also technical expertise has required and not available in majority of 
laboratories [70]. The efficiently use of the ROMs kit in evaluating oxidative stress was 
reported in sheep [71]. 
To evaluate a dynamic balance between production of pro-oxidants and 
antioxidants, TAS has been applied. Whereas, oxidative stress index (OSi) was a 
standard measuring technique determined through ratio of Total oxidant status (TOS) 
to Total oxidant status (TAS) because the effects which were employed by all oxidants 
are additive [72]. TAS was considered very effective method for determining OS when 
used as a single measure and provides relevant information of pro-oxidants and 
antioxidants equilibrium.   
Research aimed to evaluate lipid peroxidation intensity (LPI) and antioxidants 
status (TAC) in colostrums and milk in healthy cows was performed by several 
researchers [73]. Samples were collected after parturition immediately, 6 hours, 18 
hours and 7 days gap. TAC concentration was enhanced from 6th hour to end of 
sampling time were shown highest. However, changes in LPI were vaguely changed 
with maximum values at 36 h. The ratio of TAC/LPI was gradually increased from 0h 





to 7th day. However, TAC and LPI were not correlated positively. Therefore, LPI was 
remained stable for defense against ROS while TAS was changed [73].  
Albera and Kankofer [73] studied for analyzing antioxidative or oxidative balance 
in colostrum, milk and blood during two lactation cycles in cows. Total of 19 healthy 
cows were observed for two years and samples were taken at 24, 48 hand 12 days. 
There were great changes observed for oxidative values in colostrum, milk and blood. 
TAC and GSH-Px were shown a decrease; however protein and lipid peroxidation have 
shown fluctuations within the lactation. When a comparison was made between two 
lactation cycles, lipid and protein peroxidation were changed in both the cycles; 
however GSH-Px has given opposite trend. These results were needed further work in 
terms of molecular and biochemical background [73]. 
Abuelo et al. [74] were conducted a study for evaluation of oxidative stress index 
(OSi) which was measured through pro-oxidants and antioxidants ratio during 
transition period in dairy cows. Cows were divided into four groups including 
prepartum (including parturition), postpartum, peak lactation and late lactation. The 
results were shown an increase in oxidative stress after parturition. Therefore, 
antioxidants supplementation was given 1month before parturition until peak of 
lactation [74]. 
Novac and Andrei [75] determined oxidants, nitric oxide and antioxidants levels 
in multiparous ewes along with lambs in extensive rearing setup. Samples were taken 
from both ewes and lambs (each=30) after day 1st , 5th and 10th of lambing for 
evaluating NOx, TOS, TAC and ferric reducing ability of plasma (FRAP). Nox were 
enhanced in lambs than their mothers at 5th and 10th day. TAC level was observed same 
in ewes and lambs at 1st and 5th day, however reduced at 10th day in lambs. TOS 
concentrations were significantly same after parturition in ewes but were highest at 
1st day after parturition in lambs. FRAP values were enhanced at 10th day postpartum 
in ewes and were remained same in lambs. FRAP levels were higher in lambs at 1st and 
5th day as compared to ewes. Thus it was concluded that lambs and ewes were shown 
different approach towards oxidants, antioxidants and nitric oxides and was playing 
vital role in lamb production [75].  
Güneş et al. [76] analyzed PON1, oxidative stress index (OSi), TAS and TOS 
concentration in colostrum of Simmental cows. Total of 16 cows were chosen for 0-4 





days samples in 5 groups (I, II, III, IV, V). Group V was having significantly high PON1 
activity; however oxidative stress markers were higher in group IV. These findings 
suggest that oxidative stress was changed on daily basis in colostrum [76]. 
A study [77] was conducted for the evaluation of TAS and Selenium concentration 
in Holstein cows during different stages of lactation. Animals were divided into three 
groups according to lactation stage. Malondialdehyde (MDA), Total antioxidant status 
(TAS), selenium, glutathione peroxidase (GSH-Px) activity and thioredoxin reductase 
(TrxR) were parameters to be analyzed. Serum MDA, selenium and GSH-Px were 
showing an increase in early lactation than dry ones and peak lactating animals. 
However, TAS and TrxR have shown an opposite trend. These results confirmed that 
the early lactation is the period of greater risk by ROS and lipid hydroperoxides as 
serum MDA level was increased and TAS and TrxR were decreased that showed a 






Antioxidants are actually those substances whenever exists in low level than an 
oxidizable substrate, than would cause to inhibit or delayed the process of oxidation of 
that substrate [78]. Antioxidants caused the reduction of hydrogen peroxide to water 
and alcohol [79]. The antioxidant system includes different categories of exogenous 
and endogenous components like enzymatic, non enzymatic antioxidants, vitamins 
and non vitamins etc [80].  
1. Enzymatic antioxidants are natural antioxidants whose levels fluctuate due to 
fluctuations of ROS. These include superoxide dismutase (SOD), catalase (CAT), 
glutathione peroxidase (GSH-Px) and glutathione peroxidase (GPx). SOD takes part in 
the catalytic reaction of superoxide anion (O-2) to hydrogen peroxide (H2O2) to reduce 
the adverse effects of O-2. GSH-Px destroys lipid hydroperoxides and hydrogen 
peroxide produced during physiological processes [81].  
2. Non-enzymatic includes ceruloplasmin, melatonin and thiol antioxidants, 
ascorbate, urate, and beta carotene [82].  





3. Vitamins includes vitamin A, C, E and non-vitamin includes polyphenols and 
carotenoids and they synergistically use for the neutralization of free radicals [83]. 
Measurement of different antioxidant molecule levels, or assays testing the 
cellular capacity to cope with an oxidative challenge, is also commonly applied. The 
most complex body antioxidant systems include non-enzymatic antioxidants which 
can be recognized as dietary supplements or synthetic antioxidants [84]. These 
includes vitamins and minerals like vitamin E and C, zinc, selenium, glutathione, 
carotene, beta carotene, taurine and hypotaurinen. Vitamin E is a fat soluble 
antioxidant with most active homologues α-tocopherol that reacted with ROS produce 
during oxidative stress and defends the cell membranes from lipid peroxidation. 
Vitamin E requirement increased during entire duration of pregnancy. Vitamin C or 
ascorbic acid is a water soluble antioxidant against ROS and defends DNA damage [84]. 
Vitamin C can be used like a chain breaking antioxidant which helps to inhibit the 
synthesis of the peroxidative process. Vitamin C also facilitate in the recycling of 
glutathione and oxidized vitamin E. Whereas, taurine, transferrin and hypotaurine are 
usually associated with tubal and follicular fluid resultantly defend the embryo from 
OS [85].  
Ceruloplasmin is an acute phase protein which plays a vital role in serum 
transport of 90-95% Cu. It is synthesized in liver as a result of tissues damage or 
inflammation condition. Moreover, act as significant intravascular antioxidant and 
defend against lipid peroxidation. There was increased in lipid peroxidation and 
oxidative stress during physiological statuses like normal pregnancy and lactation 
consequently ceruloplasmin activity would also increase and the probable reason 
might be enhanced adrenal steroids concentration during stress [86]. Ceruloplasmin 
could act as an important indicator for food deficiency especially at the end of 
pregnancy. Copper is the main element for two enzymes which are acting as important 
antioxidants including ceruloplasmin and SOD [87].  
Antioxidant condition of ewe's blood during pregnancy and lactation was 
discovered that the lipid peroxidation in red blood cells is decreased, while in blood 
plasma it is increased in the middle of pregnancy, reaching at the maximum shortly 
before the peak of progesterone production [88]. The activities of antioxidant enzymes 
are increased at the last of pregnancy, while the level of progesterone in blood is 





maximal [88]. It is revealed that the antioxidant enzymes behavior attain a maximum 
during critical periods of pregnancy, providing the protection of the mother and the 
fetus against negative influence of free radicals [89]. The positive relationship between 
level of hormones and different parameters of antioxidant system in blood allows us 
to suppose that progesterone participate in the regulation of enzymatic part of the 
antioxidant system, whereas cortisol is concerned in the regulation of the non-
enzymatic constituent of this system in ewes [90]. 
Erisir et al. [91] studied in Awassi sheep to assess antioxidant or oxidant profile 
through some parameters like MDA, CAT, GSH, GSH-Px concentrations before and 
different stages of pregnancy. Total of 20 healthy ewes and 2 rams were used for 
grouping. Samples of females were taken just before synchronization and at every 25th 
day during all the months of pregnancy. The MDA level was decreased in 2nd and 3rd 
month when compared to non pregnant sheep and sheep in 1st, 4th, 5th months of 
pregnancy; however GSH and GSH-Px were shown opposite trend during 2nd and 3rd 
months.  Similarly, serum CAT concentration was decreased during 2nd and 3rd month 
of pregnancy. These findings in ewes were the indication of predisposition of oxidative 
stress during 2nd and 3rd month of pregnancy [91].  
Studies on fat tailed sheep in female and males both for evaluating serum MDA, 
SOD, CAT and GSH which have shown oxidative stress level. They have resulted into 
significantly same values for all of these parameters of oxidative stress between sexes 
[92].  
Research of antioxidant status of fat-tailed ewes 3 to 5 years old, for the duration 
of breeding and early-to-mid pregnancy under dry range conditions with 
supplementary feed, which are generally recognized as periods with low to moderate 
nutritional demands, was conducted as well. Activities of superoxide dismutase (SOD) 
and glutathione peroxidase (GPX) present in red blood cells in addition to the 
erythrocyte contents of thiobarbituric reactive substances (TBARS) were used to 
observe the oxidative status [93]. The results were compared, within a 120-day period, 
among a range of days of sampling (days 1, 7, 21 and 120) started with the introduction 
of rams into the ewe herd. The SOD and GPX activities significantly reduced and were 
related with significant raise in TBARS occurring as early as day 21, continuing less 
intensely to day 120. Ewes with different body conditions and ages were affected 





equally. Fat tailed ewes might be suffered from oxidative stress throughout breeding 
and pregnancy and the breeding time might be a more demanding period than 
pregnancy. 
Sakha et al. [94] have aimed to known the impact of pregnancy toxemia and 
consequent hyperketonemia on serum ceruloplasmin and copper level in ewes. 
Samples were taken from 5 ewes of 3-4 years age and 45-50 kg weight before and after 
induction of pregnancy toxemia. Serum ceruloplasmin and BHBA were significantly 
increased while glucose and copper levels concentration were reduced after the 
induction of pregnancy toxemia. It is concluded that ceruloplasmin is usually used for 
copper level evaluation but during last month care should be taken [94].  
Evaluated fluctuations in some enzymes and other biochemical parameters in 
ewes with pregnancy toxemia was researched. The pregnancy toxemia in sheep is 
show to be an metabolic disorder which usually occured at the end of pregnancy near 
parturition and characterized by hyperketonemia. Pregnant normal and pregnant 
hyperketonemic ewes at their last month were selected and compared for serum 
evaluation of ceruloplasmin, NEFA, AST, ALT, glucose, cortisol, total protein and 
calcium. NEFA, ceruloplasmin and cortisol were increased significantly in 
hyperketonemic ewes while glucose and calcium have shown opposite trend. It was 
concluded that hyperketonemic ewes have shown hypoglycemia and hypocalcemia but 
hypercortisolemia in last gestation month. Enhanced ceruloplasmin concentration 
would have shown its importance during pathophsiological stressful condition [95]. 
Researchers have evaluated the change in markers of blood redox status during 
perinatal period and affect was studied before and after lambing as well as during 
lactation. Blood was taken from 12 ewes divided into seven groups including: before 
pregnancy; 1.5 months before pregnancy; 24.0 h before pregnancy; 2.0 h and 1day 
before parturition and 4th and 8th week of milking. Lipid peroxides, MDA, SOD, CAT, 
TAS, urea, uric acid creatinine and bilirubin were analysed. Redox status markers were 
similar in non pregnant and the pregnant sheep up to 1.5 month before parturition. 
These findings have concluded that there was homeostasis in redox status and ewes 
were free of oxidative stress during this period. Redox status was changed during 
perinatal period and thus remained at this enhanced level till 8th week of lactation [96].  





Pregnancy and health affect on oxidative stress in sheep have been studied . The 
sheep were grouped into high diet (concentrated diet) and low diets (natural forage). 
MDA, TAC, CAT and SOD were measured through blood. MDA was increased in 
pregnant animals whether the feed may be; however TAC was lowered in those 
pregnant animals given low diet. CAT was observed low in grazing pregnant animals 
while SOD was decreased independent to feed effect. Pregnancy included the most 
stressful phase especially for those facing low diets in arid saline in Egypt [97]. 
In addition to above mentioned antioxidants; some others antioxidants includes 
paraoxonase and arylesterase. Among the paraoxonases family (PON I-III), PON I is 
extensively studied especially in mammals. PON I is a glycoprotein of 43-45 kDa size 
and at first explained in 1953. PON I is a calcium-dependent esterase and is produced 
from liver while when present in serum it is associated with high density lipoprotein 
(HDL). In fact, the enzyme was initially known by organophosphate hydrolyse because 
of its most common substrate, paraoxon [98].  
In veterinary sciences, PON I research was giving attention only in bovine, though 
now the interest of researchers was shown in different organisms like dogs, horses and 
cats. However, in sheep it still needs to be explored [98]. 
PON-I activity could be deliberated through spectrophotometer assays or 
through direct immunological procedure by the use of antibodies. PON I is a 
promiscuous enzyme due to having hydrolyzing abilities like paraoxonase activity 
(diethyl p-nitrophenyl phosphate, E600), the toxic oxon metabolite of parathion. Thus 
its name paraoxonase is derived from hydrolyzing paraoxon, arylesterase activity 
(phenyl acetate) or lactonase activity (5-thiobutil butyrolactone-TBBL). Other 
substrates like diazinon, chloropyrifos, soman or sarin in organophosphorus group 
included [99]. 
There was lowering of PON activity during pregnancy and lactation and it might 
be due to the reason of increased oxidative stress or decreased cholesterol and HDL 
concentration in blood or mobilization of fat and accumulation of triglycerides in liver 
thus also the reason of liver damage or the combination of all these factors. Similarly, 
periparturient is a period of evaluating oxidative stress disorders and antioxidant 
activity in the serum. Therefore PON I and arylesterase activities associated with HDL 
were used as indicator for the diagnosis of different disease during this period [99].   





Serum PON I activity was measured during early lactation in two different groups 
of pregnant postpartum cows and non pregnant lactating cows. PON I was reduced 
after parturition in first group than second one. During postpartum period, total 
cholesterol, LDL-C and triglycerides were also shown a decrease; however significantly 
same results were shown by HDL-C. Thus PON I decrease was correlated with lipid 
metabolic changes and also due to lowering of antioxidant capacity during this early 




2.5. Serum enzymes 
 
Pregnancy and lactation are physiologically very challenging stage as for the 
energy and nutritional need and metabolic disturbances due to production of stressors 
in organisms. Animals usually suffered from negative energy balance (NEB) due to 
glucose utilization and non-esterified fatty acids (NEFA) accumulation produced by 
hepatocytes in response to decrease in VLDL. Due to infiltration of fatty liver and 
destruction of hepatoocytes caused cell membrane damaged and released increased 
amount of liver enzymes like AST, ALT, GGT and LDH. The increased amount of these 
enzymes was the sign of cell necrosis and soft tissue damage and missing vitamin E 
[101]. 
Aspartate transaminase (AST) was formerly named as serum glutamic 
oxaloacetic transaminase while alanine transaminase (ALT) as serum glutamic pyruvic 
transaminase. Another enzyme present in liver is Gamma glutamyl transferase (GGT). 
AST and ALT are involved in gluconeogenesis through displacement of amino group 
from aspartate and alanine to α-ketoglutarate and resultantly oxaloacetate and 
pyruvate are formed along with glutamate. ALT and GGT is usually present in liver 
cells, however AST in liver cells, erythrocytes, skeletol and heart muscles. These 
enzymes are used as an important marker of hepatic devastation [102].  
El-Sherif et al. [47] evaluated blood metabolic profile during pregnancy and 
lactation stasuses in Barki ewes. AST, ALT enzymes, total protein, albumin, globulin, 
creatinine, urea, hemoglobin, mean corpuscular hemoglobin concentration (MCHC) 





and packed cell volume percent (PCV%) were the parameters under evaluation. Dry 
ewes have constant values for all the parameters; however pregnant animals have 
shown increased values and maximum level at lambing.  Lactating ewes have shown 
decreased PCV level and this might be reason of decreased hemoglobin at 4th week. 
During lactation, ewes were shown increased ALT, glucose, MCHC, total protein, urea 
and creatinine when a comparison was made with dry ones. There was decreased in 
globulin level but increased Adenine/Guanine ratio and AST concentration as 
compared to dry ewes [47]. 
Tibbo et al. [103] studied three different indigenous sheep breeds. They have 
researched the influence of age, breed and sex on various parameters like AST, ALT, 
ALP and acid phosphatse. No significant variations were observed for all these 
parameters in all these breeds. Thus concluded that breed, sex and age have no effect 
on the above parameters and would need further studies in this field [103]. 
Luz et al. [104] investigated lactation effect on oxidative or antioxidative status, 
composition and production of milk and biochemical metabolites in blood and milk in 
sheep.  Group A containing 7 ewes were selected and at 1 and 7 days were induced 
0.5mg/kg (body weight) estradiol and 1.25mg/kg (body weight) progesterone. 
Additionally, at 11 and 40 days they were also induce 250mg/kg (body weight) bovine 
somatotropin and at 19, 20 and 21 days 16mg/day dexamethasone. Whereas, group B 
having 5 ewes were taken as control and samples from both the groups were drawn 
for analysis. The hormones induced lactation while production of milk was 79% low 
as compared to control group. Group A have decreased levels for milk fat, total solids 
and protein than group B. ALT, GGT and albumin concentration were much higher 
while decreased urea concentration was noted in group B than group B. Serum 
antioxidant FRAP were enhanced and ROS decreased in experimental group than 
control one. FRAP were shown high in group A as compared to group B. These findings 
were resulted that treatment for induction of lactation in blood and milk metabolites 









2.6. Serum biochemical profile 
 
Homocysteine (Hcy) is an amino acid having sulphur as main element 
synthesized during methionine metabolic pathway. Hcy could be changed into cysteine 
through transsulfuration reaction and cysteine through reactions would further 
produced glutathione (GSH). Therefore, it was proved that Hcy transsulfuration 
process would help to defend against oxidative stress. It was noted that folate or 
cobalmine deficiency would affect Hcy metabolism both in mothers and foetus which 
was the cause of early pregnancy loss, placental damage and preeclampsia. In foetus, 
hyperhomocysteinemia would cause loss of growth, neural tube disorders, abortion 
and premature birth [105]. 
Oxidative stress was playing a contributable role during homocysteine 
metabolism. Different researches have done for taking an account of homocysteine 
either due to protein or vitamin deficiencies or during various pathological statuses 
and sometimes through genetic basis. Due to protein deficiency in rats during gestation 
and lactation caused oxidative stress and hypohomocysteinaemia in females and 
offsprings too. High energy requirements during lactation would increase oxidative 
stress and is directly affected level of animal production [106].  
Piccione et al. [107] evaluated the effects of stage of lactation to homocysteine as 
well as overall oxidative stress in ewes. Healthy ewes at same production and lactation 
stage were selected and analysed for antioxidant barrier (oxy-adsorbent) and thiol 
antioxidant barrier, ROMs and serum homocysteine. In ewes to estimate the stages in 
the milking period were used and antioxidant barrier (Oxy-adsorbent), thiol 
antioxidant barrier, reactive oxygen species (ROMs) and homocysteine (Hcy) were 
investigated. There were shown significantly different results for all these parameters 
throughout the study period would suggest high level of oxidative stress late lactation 
phase. Consequently, oxidative stress determination and its impact on homocysteine 
would be important marker for health status during lactation period and for best 
management practices [107]. 
Kanakkaparambil et al. [108] studied the effect of homocysteine and vitamin B-
complex supplied upon fertility and pregnancy stability especially on folliculogenesis 
in ewes. Samples were taken from 76 sheep in 3 groups. There was decrease in insulin 





that would utilize to increase antral follicles through FSH stimulation through this 
supplementation; inspite of decreased live weight in 1st group. There was shown an 
increase in homocysteine concentration and consequently would enhance 
proliferation of granulosa cells, estradiol production and FSH transcript expression. It 
was concluded that this supplementation would enhance fertility [108]. 
The evaluation of different blood indicators includes blood metabolic profile 
(BMP) through standards methods. Major BMP includes the biochemical and 
hematological parameters. Due to increased energy demands, the alteration of 
metabolites has been taken during various physiological stages like pregnancy and 
lactation especially during their early stages. Likewise, secretary cells in mammary 
glands would consume almost 80% circulating metabolites during lactating phase 
Serum chemistry is also beneficial during various diagnosis studies [109].  
Yokus et al. [110] evaluated the influence of physiological statuses and season on 
serum chemistry and vitamins in ewes. The ewes were divided into 2 groups of mated 
and non-mated ewes and samples were drawn at early and mid pregnancy, during 
lactation and during dry season. Cholesterol, ALT, T4, total protein, globulin, creatinine 
and uric acid were significantly altered during various reproductive phases but 
significantly same in seasons. Triglycerides, VLDL, Vitamin A and E, AST, ALP, LDH, T3, 
urea and creatine kinase were altered during various reproductive phases as well as 
during various seasons. However, glucose, folate and c-glutamyl transpeptidase 
concentrations were significantly same for seasons as well as physiological statuses. 
The present findings were interpreted that serum biochemistry alterations should be 
considered during reproductive statuses and seasonal variations to reduce economic 
losses [110]. 
Piccione et al. [107] analyzed various biochemical parameters during different 
stages of pregnancy and lactation in ewes. Samples were drawn from 10 ewes before 
pregnancy, during the pregnancy, 2 week after parturition and during of lactation and 
dry period. Total blood lipids were shown a significant increase during pregnancy and 
early lactation whereas; total cholesterol and triglycerides were observed an opposite 
behavior as compared to dioestrus. These results were shown a significant alteration 
during pregnancy, post-partum and lactation stages.  





Beura et al. [111] determined influence of balanced high concentrate feed on 
growth, hematological and various metabolites during lactation in ewes and lambs. 
There were two sampling groups of same parity (20 animals/group; uniform body 
weight) and were given either grazing (control) or concentrated feed of 200g/day 
(experimental) to each individual early in the morning before grazing for the duration 
of first 2 months of lactation. Experimental group has shown increased body weight 
starting from 2nd to 5th fortnights to all studied period. There was shown enhanced 
values of serum glucose concentration in ewes of group 2 than group 1 at 4th fortnight 
and in lambs this enhanced level was observed at their age of 12th fortnight. Total 
leukocyte count, hemoglobin and mean cell hemoglobin (MCHC) values were shown 
fluctuations in both the groups after parturition at 4th fortnight. MCHC concentration 
was shown higher in experimental group than control group. It was concluded that 
concentrated feed could augment mothers and lambs body weight and also 




2.7. Plasma hormones 
 
In animals, there are tremendous metabolic modifications taking place during the 
physiological conditions like pregnancy and lactation and the stress enhanced 
especially during last 2-3 months of pregnancy [112]. Thyroid hormones could have 
considerable role for the determination of metabolism of lipids and carbohydrates 
during the transition period. Thyroid hormones, triiodthyronine (T3) and thyroxine 
(T4) were well known that were playing a significant role during differentiation and 
growth. Serum T3 and T4 concentrations were elevated during pregnancy than 
significantly decreased during parturition and early lactation than increased during 
late lactation stage. The increased level of T3 and T4 during late pregnancy was due to 
estrogen levels. Cortisol is biomarker of stress and its level is varying during various 
stages of gestation, parturition and lactation. There was enhancement of cortisol with 
the progression of pregnancy was due to increased adrenocorticotrophic hormone that 
cause release of glucocorticoids from adrenal gland [112].  





Kachhawa et al. [113] aimed to determine base line values for hemato-
biochemical profile and hormonal activities in sheep. Samples were selected from 
government farm and animals were grouped into three including: anestrus, pregnant 
and post-partum phases. Hematological parameters including hematocrit and RBCs 
were high during pregnant ewes during breeding season when compared to other 
reproductive statuses. Platelets count was lowered while MCHC were observed 
enhanced during post-partum than other phases. During post-partum phases, 
biochemical parameters including serum cholesterol, Ca, K and Mg were noted 
enhanced while significantly lowered concentration were seen for total protein, 
globulin and Na. As endocrine profile was concerned, higher concentration of T4 and 
estrogen concentration during pregnancy and serum TSH and progesterone during 
gestation were observed. It was concluded that there were significant variations in 
blood metabolites and hormonal profile during various physiological statuses in sheep 
[113]. 
Belkacem et al. [114] studied about the fluctuations in hormonal profile, key 
metabolites and blood parameters during estrous and various stages of pregnancy in 
ewes. Samples were taken from non pregnant but cyclic ewes, early, mid and late 
pregnant stages. There were shown significant high MDA, GSH, progesterone, HDL. 
Cyclic animals were shown high levels of glucose, insulin, T3, T4 and SOD. However, 
cholesterol, LDL, VLDL, triglycerides and leptin were significantly same. These findings 
were concluded that reproduction have great impact on hormonal and metabolic 
metabolism and might be used for the evaluation of oxidative stress and energy 
















3. AIM OF THE RESEARCH AND HYPOTHESIS 
 
 
3.1. Objectives of the research 
 
• To establish the health status of sheep through oxidant, antioxidant and 
homocysteine parameters  
• To determine effect of oxidative stress during different stages of pregnancy and 
lactation  
• To investigate possible changes of the serum biomarkers activity during 
different stages of pregnancy and production 
•  To examine the relationship between biomarkers and others serum 
biochemicals such as HDL, LDL, T3 and T4 
  











4. Materials and methods 
 
 
Biological experiment with sheeps was performed following the EU legislation 
and principle of the Three Rs within Directive 2010/63/EU. 
 
 
4.1. Selection of sheeps 
 
All selected sheeps for the investigations was healthy and care in completely with 
all animal welfare standards. Early pregnant as well as lactating animals were provided 
with Lucien, hay, maize silage and concentrate (crude protein, CP); however, late 
pregnant animals were offered grass hay, wheat straw, corn maize, alfalfa, soyabean 
and wheat flour. The animals were given fresh clean water twice a day. All the animals 
were vaccinated as per schedule and treated with anti-helminthics after 6 months.  
Clinically normal and healthy Lohi sheep (n=70) aged 1.5-5 years were selected 
for the present study. Each group of animals was sub grouped into pregnant and 
lactating stages. Pregnant group included control group of Non Pregnant, Early 
pregnant (40-50 days), Mid pregnant (60-90 days) and Late pregnant (100 days-
onward) animals. Whereas, lactating period would comprise of Early, Peak and Low 










4.2. Sampling of blood 
 
Veterinarians were engaged for sampling of blood during the studied period. 
Blood sampling was done early in morning time and samples have been taken 
aseptically from jugular vein from each animal at different stages of their pregnancy 
and production in volume of 5 ml for EDTA-K2 and 5 ml for clotting.  
Blood samples with anticoagulant and without anticoagulant were used for 
biochemical analysis.  
The samples without anticoagulant were centrifuged at 167 × g for 15 minutes 
and serum was harvested and preserved at -20 °C in small aliquots till further analysis 
in accreditated laboratory.  
 
 
4.3. Biochemical analysis 
 
4.3.1. Total antioxidant status (TAS; mmol Trolox Equiv./L) 
 
Different antioxidants in a coordinated fashion give better defense against ROS, 
instead of any of compound act separately. Total antioxidant status was consisted of 
various compounds and their systematic metabolic interactions. Antioxidant activity 
which we use as a term is occasionally used as antioxidant capacity; however the first 
one is used to determine the constant rate of particular single antioxidant against 
provided free radical. While total antioxidant capacity is the analysis of moles for a 
present radical scavenged by test solution and is independent to any antioxidant 
activity of such particular molecule in reaction mixture. Therefore total antioxidant 
capacity shows good index for antioxidant status when a comparison was made for 
evaluation of antioxidant property of a single molecule. 
In the present assay, 2, 2’-azino bis 3-ethylbenzo thiazoline 6-sulphonate (ABTS) 
has been oxidized to ABTS+ when present in acidic medium in the presence of H2O2. 
While ABTS dissolved in acetate buffer (30mM/L) at 3.6 pH, it has been oxidized into 





most stable ABTS+ which showed by dark green color. After the addition of dil. acetate 
buffer of high pH (0.4M/L; 5.8 pH), color was slowly bleached. In this mixture, after the 
addition of serum sample the antioxidants of the serum was accelerated the bleaching 
rate up to a level of equivalent concentration. By means of using spectrophotometer, 
bleaching process was checked and this rate was inversely proportional to total 
antioxidant capacity (TAC) of the sample. This reaction rate has been monitored by 
Trolox (an analogue of Vit. E). It was the most extensively used TAC assay standard 
(measured in mM Trolox equivalent/L). The linearity of the assay was 6.0 mmol trolox 
equivalent/L and shown by less than 3% precision error. 
To evaluate TAC a semi auto-analyzer Biosystem (BTS-330) was used for 
spectrophotometer study. From spectrophotometer, Monochromatic light (660nm 
wavelength) was selected and warmed the selected filter for about 5 min. 200 µl 
Reagent was mixed with 5 µl serum/samples/standards. The first reading was taken 
before mixing of reagent I with II and it was used as a blank. After that 20 µl reagent II 
was added to above mixture. This mixture was now incubated at 37 °C for 5min. and 
second absorbance was read. By means of using standard curve against the standards, 
the delta absorbance was used to calculate TAC. 
 
4.3.2. Total oxidant status (TOS; µmol H2O2 Equiv./L) 
 
The oxidants which were present in the samples caused an oxidization of O-
dianisidine complex into ferric ion. With the use of glycerol in this mixture, reaction 
could be accelerated. The Xylenol orange which is present in acidic medium along with 
ferric ions made the complex coloured. Spectrophotometer was used to study the color 
intensity; it was depicted the direct measurement of sample’s oxidant molecules. H2O2 
was used for calibration purpose and results were shown as µmol H2O2 Equiv. L-1. The 
assay was sensitive at 1.13 µmol H2O2 Equiv. L-1 along with precision rate less than 3% 
and linearity was shown up to 200 µmol H2O2 Equiv. L-1. 
Serum samples in aliquote of 35 µl were added into 225 µl reagent I and first 
absorbance was taken immediately. In this serum sample and reagent I mixture, 11 µl 
reagent II was mixed and after 4 minutes final absorbance was read. Bichromatic 
wavelength containing main/primary 560 nm and 800 nm secondary/differential 





wavelengths was used for absorbance. The actual concentration of µmol H2O2 Equiv. L-
1  was calculated from standard curve by using delta change in absorbance. 
 
4.3.3. Malondialdehyde (MDA; mmol/mL) 
 
MDA was measured by Lipid Peroxidation (LPO; µmol/L) method. Kits (Abacum, 
UK) were provided with components along with directions of their use and storage.  
LPO assay FTS reagent 1, LPO assay FTS reagent II, Lipid hydroperoxide standard, 
LPO Assay Extract R and LPO assay Triphenylphosphine were prepared by using 1 vial 
of each component and stored as per instructions. Before initiating LPO estimation 
method, Lipid hydroperoxidase was extracted to form chloroform. 1ml final volume of 
assay was attained in each test tube. According to instructions in the protocol, 
standards were run with each one test simultaneously and in triplicate. 
 
 
4.3.4. Superoxide dismutase (SOD; µ/mL) 
 
Method of Kostadinović et al. [3] was used for determination of serum SOD 
activity. 
Xanthine-xanthine oxidase was employed to produce superoxide flux. Nitroblue 
tetrazolium (NBT) was resulted and has been proceed as an indicator for production 
of superoxide. Degree of inhibition of reaction unit of enzyme was used to determine 
SOD activity and that would cause 50% inhibition for reduction of NBT. Results were 
expressed in µ/mL. 
To prepare 0.052 Sodium pyrophosphate buffer 2.32 g Sodium pyrophosphate 
was dissolved in 80 ml distilled water and by adding 1N HCL pH was adjusted to 8.3 
than raised the volume upto 100 ml through distilled water and it would preserve at 4 
°C. 
For the preparation of 186 μM Phenazinemethosulphate solution, 5.697924 mg 
phenazinemethosulphate was dissolved in 100 ml of distilled water. For the 
preparation of 300 μM Nitrobluetetrazolium solution, 24.5292 mg 





nitrobluetetrazolium was dissolved in 100 ml of distilled water. To prepare 780 μM 
NADH solution, 51.74754 mg NADH was dissolved in 100 ml of distilled water. 
Total of 500 µl aliquots serum was added into 500 µl ethanol and 300 µl 
chloroform and centrifuged for half an hour at 18,000 × g. 900µL SOD reagent was 
prepared by mixing 0.1 mmol/l xanthine + 0.1 mmol/l ethylene diamine tetra acetic 
acid (EDTA) + 25 mmol/l nitro blue tetrazolium (NBT) + 50 mg serum (BSA) and 40 
mmol/l Na2CO3 maintained at pH 10.2. The reagent was mixed with 50 µL of 
supernatant removed after centrifugation and incubation was done at 25°C for 20 min. 
By adding 1 mL CuCl2 (0.8 mmol/l), the reaction has been stopped and absorbance of 
samples has read at 560 nm. Percent inhibition was calibrated through formula: 
% inhibition = (Ablank – Asample) / Ablank × 100 % 
 
4.3.5. Catalase activity (CAT; KU/L) 
 
A spectrophotometer assay based on H2O2 was used to analyze catalase activity 
through Kostadinović et al. [3] methodology.  
1.0 ml substrate was prepared by mixing of 65 µmol/ml H2O2 dissolved in 60 
mmol/l sodium potassium buffer (pH 7.4). Incubation of 0.2 ml serum along with 1.0 
ml substrate has been done at 25 C0 for 1 min. Linearity of serum catalase was up to 
100 KU/L. But in a case when catatlase activity increased from 100 KU/L, dilution of 
phosphate buffer from 2 to 10 fold was done and assay has been repeated. Under these 
circumstances, 1 unit catalase produced 1 µmol/ml H2O2/min. 
 By the addition of 1.0 ml of 32.4 mmol/l ammonium molybdate [(NH4)6 
Mo7O24.4 H2O] reaction has been stopped by production of yellow complex and this 




Following formula was used for calculation. 
 
Serum catalase activity (KU/L) 
= 3)(blank A  - 2)(blank A 
1)(blank A  - (sample)A 
 
× 271 







4.3.6. Vitamin E (Vit. E; µmol/L) 
 
Method of Rutkowski and Grzegorczyk [115] has been used for the evaluation of 
vitamin E. 
 
4.3.7. Vitamin C (Vit. C; µmol/L) 
 
Method of Rutkowski and Grzegorczyk [115] has been used for the evaluation of 
vitamin C concentration. 
 
4.3.8. Paraoxonase activity (PON-I; U/min/mL) 
 
Paraoxonase enzyme has following phenotypes i.e.  PON-I, PON-II and PON-III 
and of all these PON-I is more active. PON I hydrolysis several types of 
organophosphates like paraoxon and aromatic esters like phenyl acetate, additionally 
lipid peroxidation products and also caused to reduce their accumulation. The rate of 
paraoxon enzymatic hydrolysis into p-nitrophenol was used as estimation for PON I 
activity. By means of spectrophotometer the color formed because of p-nitro phenol 
production was determined. Primary hydrolysis rate or sensitivity of hydrolysis was 
constant until 5 min. 
 
4.3.9. Arylesterase activity (Ary; KU/min/L) 
 
Another aromatic esterase is arylesterase which is an isoenzyme of paraoxonase 
phenylacetate was used as a substrate in reaction mixture for evaluation of 
arylesterase activity Turk et al. [116]. This phenylacetate was changed into phenol in 
the presence of arylesterase in mixture and rate of its formation revealed direct index 
for enzyme activity. Stock solution has been prepared by means of mixing 





phenylacetate with a solution 40% methanol. Reaction mixture was made by mixing of 
following chemicals. 
 
4.3.10. Ceruloplasmin activity (Cp; U/L) 
 
The oxidase potential would determine the ceruloplasmin activity and for this 
purpose ortho-dianisidine dihydrochloride was used as a substrate. In the presence of 
enzyme ceruloplasmin and oxygen, the sample was turned yellowish brown. But due 
to acid formation the reaction was stopped and constant reddish purple color was 
formed in solution that maximum absorption wavelength of 450 nm wavelength and 
linearity would be determine up to 400 U/L with a 4.2% CV. 
 
4.3.11. Total homocysteine (Hcy; µmol/L) 
 
Total Homocysteine concentration in the serum was measured through 
microtiter plate assay. Polyethene culture tubes were used to prepare serum samples, 
after the addition of reducing agent tris (2-carboxyethyl) phosphine hydrochloride 
(TCEP) the protein bound Hcy was reduced to free Hcy which was consequently 
changed into S-adenosyl-L-homocysteine (SAH) due to the presence of SAH-hydrolase. 
It would finally quantitate by means of using horseradish peroxidase (HRP-SAH) 
competitive assay (Diazyme, Cat. No. DZ012A; Diazyme Laboratories). 
 
4.3.12. Aspartate aminotransferase (AST; U/L) 
 
Through the use of calorimetric method kit (Randox, Laboratories Limited, 
Ardmore, Diamond Road, Crumlin, Company, Antrim, UK, Lot No. 128011) the serum 
samples of AST in vitro was determined quantitatively.  The concentration of AST was 
determined by observing concentration of oxaloacetate hydrozone along with 2, 4-
dinitrophenyl-hydrazine which was formed by the reaction catalyzed by AST. When 
the absorbance of sample was under 0.17, we have maintained the linearity and 
coefficient of variance was observed less than 10%. 






4.3.13. Alanine aminotransferase (ALT; U/L) 
 
Through calorimetric method kit (Randox, Labotaries Limited., Ardmore, 
Diamond Road, Crumlin, Company, Antrim, UK, Lot No. 128011) the quantitative in 
vitro in the serum samples of ALT was determined.  The concentration of ALT was 
determined by observing concentration of pyruvate hidrozone along with 
 hydrazine nyldinitrophe-4 2,  which was formed by the reaction catalyzed by ALT. 
When the absorbance of sample was under 0.5, we would maintain the linearity and 
coefficient of variance was observed less than 10%. 
 
4.3.14. Gamma glutamyltransferase (GGT; U/L) 
 
Enzymatic calorimetric assay as described by Szasz [117] was used for 
determination of serum samples of GGT in vitro. 
 
4.3.15. Glucose (mg/dL) 
 
Spectrophotometer (screen master; 35510) along with Fluitest Glu Biocon (Lot 
no. H. 265) was used for the determination of glucose concentration. Enzymatic 
calorimetric test based upon Triender-reaction was used for measuring serum glucose. 
 
4.3.16. Cholesterol (mg/dL) 
 
Enzymatic calorimeter testing kit (Fluitest, Biocon DiagnosemittelGmbH & Co. 
34516 Vohl-marienhagen, Germany, Lot No. N593) has been used for determination of 
cholesterol concentration. In this assay, cholesterol esterase and cholesterol oxidase 
were the enzymes used for enzymatic determination of cholesterol. The measurement 
limit was 3-800 mg/dL and coefficient of variance (C.V.) was less than 10% . 
 





4.3.17. High density lipoprotein cholesterol (HDL; mg/dL) 
 
From cells to liver reverse cholesterol transport was carried out by means of high 
density cholesterol (HDL). Fuitest HDL-Cholesterol kit (Biocon, Diagnosemittel GmbH 
& Co. 34516 Vohl-marienhagen, Germany, Lot No. Q115) was used to determine HDL-
C. Magnesium chloride and phosphotungstic acid (provided in the kit as reagents) were 
precipitated chylomicrons, LDL (low density lipoprotein) and VLDL (very low density 
lipoprotein). The supernatant containing HDL-C was now centrifuged and measured 
by enzymatic assay like that of total cholesterol. Minimum measurable HDL-C conc. 
which could be differentiated ranges from zero to 3.0 mg/dl while coefficient of 
variance was below 10%. 
 
4.3.18. Low density lipoprotein cholesterol (LDL; mg/dL) 
 
By subtracting HDL from total cholesterol, LDL was calculated. 
(mg/dL) HDL - (mg/dL) lcholestero Total    (mg/dL) LDL =  
 
4.3.19. Triglycerides (TG; mg/dL) 
 
A kit of Triglyceride liquicolormono GPO-PAP method kit (Human Gesellschaft 
fur Biochemica and Diagnostica GmbH Max-Planck-Ring Wiesbaden, Germany, Lot No. 
09014) has been taken for evaluation of triglycerides. The hydrolysis reaction of 
triglycerides by lipase enzyme was used to determine triglycerides. Hydrogen 
peroxide along with 4-aminoantipyrine and 4-chlorophenol were converted into 
quinoenimine by catalysis of enzyme peroxidase. Quinoenimine was used as an 
indicator in this catalytic reaction. The linearity of the test for triglycerides 
concentration was 1000 mg/dl and coefficient of variance was below 10%. 
 
4.3.20. Triiodothyronine (T3; ng/mL) 
 





T3 Elisa kit (Biocheck Inc., Foster City, CA-94404, USA, Lot No. RN - 41498) was 
used for evaluation of serum T3 conc. quantitatively. In this EIA, Kit was provided with 
secondary antibody (goat anti-mouse IgG) coated microtiter well strips. Competitive 
ELISA has been done by addition of proper quantity of sample along with mouse anti 
T3 antibody and T3 conjugated with an enzyme named radish peroxidase. There was a 
competition between T3 conjugated with peroxidase and T3 present in the sample 
because of restricted sites on anti-T3 antibody. Change in color was observed when an 
enzyme substrate TMB was added and T3 conc. of sample has been inversely 
proportional to intensity of color change. The lowest amount of T3 which could be 
measured was 0.2 ng/ml and CV has been below 10%. 
 
4.3.21. Thyroxine (T4; µg/dL) 
 
By means of using T4 EIA test kit (Biocheck Inc., Foster City, CA-94404, USA, Lot 
No. RN - 41498) has been used for quantitative evaluation of serum T4 conc.  
Competitive ELISA has been done by addition of proper amount of sample along 
with mouse anti T4 antibody and T4 conjugated peroxidase. There was a tough 
competition between T4 conjugated with peroxidase and T4 in the sample because of 
restricted sites on anti-T4 antibody. Change in color was observed when chromagen 
substrate mixture was added and T4 concentration in sample was inversely 
proportional to intensity of color change. The lowest amount of T4 which could be 




4.3.22. Cortisol (ng/mL) 
 
A microplate EIA kit provided by Accubind (Monobind Inc., Lake Forest, CA-
92630, USA, Lot No. 3625-300) was used for quantitative evaluation of serum cortisol 
concentration.  





Competitive ELISA has been used which has shown a tough competition between 
enzyme conjugated antigen (kit) with sample’s native antigen because of restricted 
sites on biotinylated antibodies. The binding of enzyme conjugated antigen (kit) with 
antibodies was observed by enzyme activity and was inversely proportional to 
sample’s native antigen. The lowest amount of T4 which could be measured was 0.4 to 
95 µg/dl and regression coefficient was 0.98 along with 0.25 µg/dL sensitivity. 
 
 
4.4. Statistical analysis 
 
Data obtained will be subjected to two-way analysis of variance (ANOVA) 
techniques. The data were analyzed by using STATISTICA 13 statistical software. 
Duncan Multiple Range test will be applied to explain significance difference between 















5. RESULTS AND DISCUSSION 
5.1. Parameters during pregnancy 
 
Total antioxidative status of Lohi sheep was observed by two way ANOVA and 
the results are presented in Table 1. Sheeps as well as their pregnant stages have 
showed sigificant (P ≤ 0.01) differences. Similarly, interaction between these groups 
with stages was also showing significant different results. Lohi sheep were followed a 
decrease in TAS concentration from non pregnant to all subsequent stages though only 
non pregnant and advance pregnant ewes were different statistically. Lohi sheep did 
show higher values of TAS concentration throughout all the stages. Overall mean TAS 
concentration in non pregnant as well as throughout all the pregnant stages was 
significantly different (P ≤ 0.01) and followed similar pattern of significant decrease 
from non pregnant up to advance pregnant stages. Overall mean TAS concentration 
also exhibited significantly different results (Table 2). 
Two way ANOVA has been applied to observe the difference involved in the 
groups of sheep for total oxidant status (TOS) (Table 3). Groups of sheeps, in various 
pregnant stages and their interaction were showing different results (P ≤ 0.01) 
significantly. Mean ± SE of total oxidant status concentration observed an increase 
from first stage of non pregnant animals to advance pregnancy in the ewes; however 
significantly (P ≤ 0.01) different results were observed by mid and advance pregnant 
animals in ewes. Irrespective to groups, overall mean values among stages were 
significantly different; a significant increase in TOS was observed from non pregnant 
to all subsequent pregnant stages. The overall mean TOS concentration between the 
groups also revealed significantly different results (Table 4).  





Table 1. Evaluation of Total Antioxidant Status (TAS; mmol Trolox Equiv./L) of 










Groups (G) 1 0.440 0.440 72.232** 
Stages (S) 3 6.844 2.281 374.892** 
G × S 3 0.315 0.105 17.245** 
Error 72 0.438 0.006  
Total 39 8.037   
**Significant - P ≤ 0.01 
 
Table 2. Evaluation of Mean ± SE of Total antioxidant status (TAS; mmol Trolox 
Equiv./L) of Lohi sheep during different stages of pregnancy  
Stages Lohi Sheep 
Non Pregnant (N.P) 1.93±0.02 a 
Early Pregnant (E.P) 1.73±0.02 b 
Mid Pregnant (M.P) 1.67±0.01 b 
Advance Pregnant (A.P) 1.22±0.01 d 
Overall Means 1.64±0.04  
a-d; Table showing same alphabets do not differ significantly (P ≤ 0.01).  
 
Findings have shown a significant decrease in Total Antioxidant Status (TAS) 
concentration from non pregnant to advance pregnant stages in sheep, however, 
significant results were given by non pregnant and late pregnant ewes [118]. A new 
methods to develope and evaluate total antioxidant status (TAS) in animals was 
develepoed such as total antioxidant capacity (TAC). Similar results were obtained by 
others that the Total Antioxidant Capacity (TAC) value was highest in dry ewes and 
decreased with progression of pregnancy [118].  
As pregnancy being a stressful physiological condition and this stress in turn 
caused an increase in cortisol concentration. The enhancement of cortisol with the 
advancement of pregnancy was confirmed by our results of cortisol during pregnancy 
and this might be the reason for increased TOS but decreased TAS level because 





cortisol promoting lipolysis [119]. The decrease in TAS might be coincident with the 
absence of vitamins and mineral supplementation, i.e. exogenous antioxidants, during 
the pregnancy.  
Similar results in the reduction of TAS during pregnancy were confirmed by 
different researchers [118]. Similarly, it was observed decrease TAS activity just before 
parturition. TAC was decreased during pregnancy as compared to non pregnant 
groups. Similarly “Oxidative Stress Index” was described as the ratio of ROS/TAS 
increased from dry to pregnant animals throughout all stages of pregnancy; thus 
confirmed our results for TOS increase and TAS decrease. 
 
Table 3. Evaluation of Total oxidant status (TOS; µmol H2O2 Equiv./L) of Lohi 










Groups (G) 1 0.081 0.081 17.871** 
Stages (S) 3 10.048 3.349 742.251** 
G × S 3 0.254 0.085 18.732** 
Error 72 0.325 0.005  
Total 39 10.707   
**Significant - P ≤ 0.01 
 
Table 4. Evaluation of Mean ± SE of Total oxidant status (TOS; µmol H2O2 
Equiv./L) of Lohi sheep during different stages of pregnancy  
Stages Lohi Sheep 
Non Pregnant (N.P) 0.48±0.01 c 
Early Pregnant (E.P) 0.52±0.01 c 
Mid Pregnant (M.P) 0.64±0.01 b 
Advance Pregnant (A.P) 1.23±0.04 a 
Overall Means 0.72±0.05  
a-c; Table showing same alphabets do not differ significantly (P ≤ 0.01).  
 





Serum MDA level of Lohi sheep was studied by two way ANOVA and Table 5 has 
been presented these results. Ewes with various pregnant stages exhibited 
significantly (P ≤ 0.01) different results. Likewise a significant difference was also 
observed between groups of both all stages. In Lohi sheep serum malondialdehyde 
concentration did show a significant (P ≤ 0.01) increase from non pregnant to advance 
pregnant stages in a sequence. Irrespective to groups, overall mean malondialdehyde 
values among various stages were also increased significantly from non pregnant 
animals to advance pregnant stages progressively. Results for overall mean 
malondialdehyde concentration in sheep were also significantly different (Table 6).  
In order to observe difference in serum SOD concentration in sheep throughout 
various pregnancy stages, two way ANOVA was used (Table 7). Significantly different 
(P ≤ 0.01) results were observed in sheep throughout various stages of pregnancy. In 
Lohi sheep mean ± SE of serum superoxide dismutase concentration was different 
significantly within non pregnant animals along with the animals at various pregnant 
stages; significantly high values were observed in non pregnant animals while a 
progressive decrease was noted in early, mid and advanced pregnant animals. Lohi 
sheep did show significantly high superoxide dismutase values in early, mid and 
advance pregnant stages. Overall mean superoxide dismutase values in non pregnant 
animals and among various stages of pregnancy irrespective to sheep groups were also 
following same pattern of significant decrease from non pregnant sheep through all 
the stages of pregnancy. Overall mean superoxide dismutase concentration was 
statistically significant (Table 8). 
A significant increase in Total Oxidant Status (TOS) concentration was observed 
from early pregnant to advance pregnant Lohi sheep and non pregnant ewes have 
shown significantly different values as observed during early pregnant animals. Our 
results were in consistent with others studied TOS level in pregnant and non pregnant 
females and found a significant increase in TOS concentration in pregnant ones [120]. 
As pregnancy being a stressful physiological condition and this stress in turn 
caused an increase in cortisol concentration. The enhancement of cortisol was 
confirmed by our results of cortisol during pregnancy and this might be the reason for 
increased TOS but decreased TAS level with the advancement of pregnancy. The 
decrease in TAS may be coincident with the absence of vitamins and mineral 





supplementation, i.e., exogenous antioxidants, during the pregnancy. This was further 
confirmed within studies of the impact of nutrition in sheep pregnancy and found 
lowering of TAC level especially in animals given low energy diets; thus facing more 
oxidative stress [121]. 
 
Table 5. Evaluation of Malondialdehyde (MDA; mmol/mL) of Lohi sheep and 










Groups (G) 1 5.703 5.703 283.119** 
Stages (S) 3 25.685 8.562 425.021** 
G × S 3 1.312 0.437 21.710** 
Error 72 1.450 0.020  
Total 39 34.150   
**Significant - P ≤ 0.01 
 
Table 6. Evaluation of Mean ± SE of Malondialdehyde (MDA; mmol/mL) of Lohi 
sheep during different stages of pregnancy  
Stages Lohi Sheep 
Non Pregnant (N.P) 0.79±0.03 ef 
Early Pregnant (E.P) 1.75±0.06 cd 
Mid Pregnant (M.P) 2.11±0.08 b 
Advance Pregnant (A.P) 2.60±0.05 a 
Overall Means 1.81±0.11  
a-f; Table showing same alphabets do not differ significantly (P ≤ 0.01).  
  





In present study, Malondialdehyde concentration significantly increased from 
non pregnant to early, mid and advanced pregnant animals. Our results were in 
consistent with oters found an increase in MDA concentration with the advancement 
of pregnancy in sheep. The present findings were in consistent with the results found 
an increase in lipid peroxidation marker MDA with the advancement of pregnancy.  
The likely cause of this rise in MDA concentration could be due to overproduction 
of free radicals (ROS) and thus induction of lipid peroxidation. The other reason for 
steady increase of MDA concentration with the progression of pregnancy was related 
with decreased levels of total antioxidant capacity (TAC), antioxidant enzymes i.e. 
catalase (CAT) and superoxide dismutase (SOD). This is also proved through our 
findings of decreased level of TAC, SOD and CAT enzymes with the advancement of 
pregnancy.  
 
Table 7. Evaluation of Superoxide dismutase (SOD; µ/mL) of Lohi sheep during 










Groups (G) 1 0.564 0.564 16.000** 
Stages (S) 3 35.076 11.692 331.399** 
G × S 3 1.111 0.370 10.494** 
Error 72 2.540 0.035  
Total 39 39.292   
**Significant - P ≤ 0.01 
 
Serum superoxide dismutase concentration was significantly decreased from 
non pregnant animals throughout different stages of pregnancy. Our results were in 
accordance with others reported a decrease in SOD activity from non pregnant ewes 
to the end of pregnancy i.e., first day before lambing. It has been showed a 
predisposition to oxidative stress in second to third months of pregnancy. Our results 
have shown great changes in redox status indicators signifying increase oxidative 
stress. While reactive oxygen species i.e. superoxide anion radical were formed in the 
organism, SOD transformed these into hydrogen peroxide through dismutation 





process. Consequently this decrease in the concentration of lipid peroxides is probably 
linked to a reduction in SOD activity. 
Our results were consistent with the results wich indicated a decrease in SOD 
concentration in pregnant sheep irrespective to high or low energy diets. Another 
study in ewes also proved the present findings of decreased SOD concentration with 
the progression of pregnancy.  
 
Table 8. Evaluation of Mean ± SE of Superoxide dismutase (SOD; µ/mL) of Lohi 
sheep during different stages of pregnancy  
Stages Lohi Sheep 
Non Pregnant (N.P) 3.35±0.06 a 
Early Pregnant (E.P) 2.85±0.07 b 
Mid Pregnant (M.P) 2.40±0.08 c 
Advance Pregnant (A.P) 1.78±0.08 de 
Overall Means 2.60±0.10  
a-e; Table showing same alphabets do not differ significantly (P ≤ 0.01) 
 
To see the difference in Lohi sheep for catalase activity, two way ANOVA was 
used; results were given in Table 9. Sheep groups in various pregnant stages as well as 
the interaction between groups × stages have been given highly significant (P ≤ 0.01) 
results. In Lohi sheep, non pregnant as well as all the pregnant stages were showing 
significantly (P ≤ 0.01) different results for serum catalase concentration; a significant 
high value of catalase activity was observed in non pregnant ewes that gradually 
decreased with the progression of pregnancy i.e. lowest value was noted in advance 
pregnant ewes. Overall mean catalase activity among various stages irrespective to 
groups was found a significant decreased value from 1st non pregnant stage to the last 
advance pregnant stage. Similarly, overall mean catalase concentration in sheep 
groups was also shown significantly different results (Table 10).  
To observe the difference between Lohi sheep for serum vitamin E concentration, 
two way ANOVA was used and Table 11 was shown these results. Sheep groups as well 
as the interaction between the groups and stages were not differing significantly. 
However the results for different stages of pregnancy did show a significant difference. 





In the Lohi sheep Mean ± SE of vitamin E concentration has shown significantly similar 
results; highest values were shown by non pregnant animals while insignificant 
decrease was observed in early and mid pregnancy and non significant increase during 
advance pregnant stage. Significantly similar results were observed in an interaction 
between these groups; within non pregnant animals and throughout all progressive 
pregnant stages. However, irrespective to groups, overall mean vitamin E 
concentration among various stages was shown significantly (P ≤ 0.01) different 
results at various stages in the groups; highest vit. E value was observed in non 
pregnant animals that showed a significant decrease in early and mid stages of 
pregnancy but again an increase in vitamin E value was seen during advance 
pregnancy. Overall mean vitamin E concentration between groups was also shown 
significantly same results (Table 12).  
 
Table 9. Evaluation of Catalase (CAT; KU/L) of Lohi sheep during different stages 










Groups (G) 1 1.070 1.070 30.698*** 
Stages (S) 3 19.052 6.351 182.277** 
G × S 3 0.545 0.182 5.217** 
Error 72 2.509 0.035  
Total 39 23.175   
**Significant - P ≤ 0.01 
 
Catalase concentration significantly decreased from non pregnant to different 
stages of pregnancy in sheep. Others found consistent results like ours by showing 
decreased catalase activity from non pregnant to early, mid and late pregnant stages 
in ewes [122].  Another study of effect of pregnancy and nutrition in pregnant sheep 
resulted into a decreased CAT level [123]. According to our findings, a decrease in 
antioxidant enzymes was observed and it might be due to the fact that superoxide 
radical was converted into hydrogen peroxide and oxygen by means of SODs, while the 





CAT and peroxidases converted hydrogen peroxide into water. Thus, both of these 
toxic species, hydrogen peroxide and superoxide radical transformed into water. 
 
Table 10. Evaluation of Mean ± SE of Catalase (CAT; KU/L) of Lohi sheep during 
different stages of pregnancy  
Stages Lohi Sheep 
Non Pregnant (N.P) 3.30±0.07 a 
Early Pregnant (E.P) 2.84±0.11 b 
Mid Pregnant (M.P) 2.43±0.09 c 
Advance Pregnant (A.P) 1.80±0.03 d 
Overall Means 2.59±0.1  
a-d; Table showing same alphabets do not differ significantly (P ≤ 0.01).  
 
Production of free radicals was a necessary event during aerobic metabolism and 
cells can counterbalance their non toxic effects with metabolic strategies like 
antioxidant defense system.  Non enzymatic agents like ceruloplasmin, vitamin C, and 
vitamin E were acting as antioxidants. Present study did not reveal any significantly 
different results for Vitamin E concentration in sheep groups throughout all the stages 
of pregnancy.  
Other research confirmed our results that serum vitamin E levels give non 
significant differences between the pregnant and non pregnant groups of ewes. Our 
results were consistent with studies of the effect of vitamin E supplementation in ewes 
and found that control group and ewes with 2 or less than 2 lambs gave significantly 
similar results.   





Table 11. Evaluation of Vitamin E (Vit. E; µmol/L) of Lohi sheep during different 










Groups (G) 1 0.001 0.001 0.463 NS 
Stages (S) 3 1.096 0.365 200.101** 
G × S 3 0.006 0.002 1.077 NS 
Error 72 0.131 0.002  
Total 39 1.234   
**Significant - P ≤ 0.01 NS - Non-Significant  
 
Table 12. Evaluation of Mean ± SE of Vitamin E (Vit. E; µmol/L) of Lohi sheep 
during different stages of pregnancy  
Stages Lohi Sheep 
Non Pregnant (N.P) 1.57±0.01 NS 
Early Pregnant (E.P) 1.38±0.02 NS 
Mid Pregnant (M.P) 1.26±0.01 NS 
Advance Pregnant (A.P) 1.41±0.02 NS 
Overall Means 1.40±0.02  
NS - Non-Significant 
 
Serum vitamin C concentration of Lohi sheep were determined through ANOVA 
(two way) and Table 13 showed these results. Results for sheep groups and G × S 
interaction have not exhibited any statistically significant difference. Although in 
sheep, various pregnancy stages have been shown significant different (P ≤ 0.01) 
results. Lohi sheep groups in non pregnant as well as at different stages of pregnancy 
showed significantly same results for serum vitamin C concentration. Vitamin C level 
in ewes and does revealed non-significant results; a non significant decrease was 
observed from 1st stage of non pregnant animals to early pregnant ones after that an 
increase was seen in mid stage than again a decrease has been observed during 
advance pregnancy. Overall mean vitamin C values in sheep groups demonstrated 
significantly same results (Table 14). 





Table 13. Evaluation of Vitamin C (Vit. C; µmol/L) of Lohi sheep during 










Groups (G) 1 0.008 0.008 0.118 NS 
Stages (S) 3 32.283 10.761 154.407** 
G × S 3 0.557 0.186 2.663 NS 
Error 72 5.018 0.070  
Total 39 37.866   
**Significant - P ≤ 0.01 NS - Non-Significant  
 
Table 14. Evaluation of Mean ± SE of Vitamin C (Vit. C; µmol/L) of Lohi 
sheep during different stages of pregnancy  
Stages Lohi Sheep 
Non Pregnant (N.P) 5.37±0.11 NS 
Early Pregnant (E.P) 4.87±0.05 NS 
Mid Pregnant (M.P) 6.55±0.09 NS 
Advance Pregnant (A.P) 5.10±0.11 NS 
Overall Means 5.47±0.11 
NS - Non-Significant 
 
Vitamin C is one of the powerful reducing agent and radical scavengers; it has 
an antioxidant function through destruction of a variety of free radical directly or 
indirectly by reducing oxidized vitamin E in the membrane [124]. 
  In present findings, vitamin C concentration did not show any significant 
difference through various stages of pregnancy.  Our results were consistent with other 
results that Vitamin C maintained at a same level during pregnancy and perinatal 
period in ewes [125]. Similarly, it was revealed significantly the same results in the 
biochemical and hematological parameters in the does supplemented with vitamin C 
as well as in control ones. It has been found that vitamin C concentration decreased 
with the advancement of pregnancy in sheep [126].  





Two way ANOVA was used to analyze the difference in serum paraoxonase 
concentration for sheep during different stages of pregnancy and results have been 
represented in Table 15. Sheep groups as well as their various pregnant stages along 
with groups × stages interaction have shown statistically significant results (P ≤ 0.01). 
In Lohi sheep, Mean ± SE of PON-I concentration was given significantly (P ≤ 0.01) 
different results; highest values were shown by non pregnant animals that have shown 
a significant decrease in early, mid and advance pregnant animals subsequently. 
Similarly, irrespective to sheep groups, overall mean PON-I concentration were also 
followed a significant decrease from non pregnant sheep to subsequent stages of 
pregnancy. Overall mean values between groups were however appeared significantly 
the same (Table 16). 
 
Table 15. Evaluation of Paraoxonase (PON-I; U/min/mL) of Lohi sheep 










Groups (G) 1 4977.013 4977.013 360.544** 
Stages (S) 3 17052.137 5684.046 411.763** 
G × S 3 649.937 216.646 15.694** 
Error 72 993.900 13.804  
Total 39 23672.988   
**Significant - P ≤ 0.01   
 
Table 16. Evaluation of Mean ± SE of Paraoxonase (PON-I; U/min/mL) of 
Lohi sheep during different stages of pregnancy  
Stages Lohi Sheep 
Non Pregnant (N.P) 213.20±1.17 a 
Early Pregnant (E.P) 199.70±1.19 b 
Mid Pregnant (M.P) 178.00±1.33 c 
Advance Pregnant (A.P) 171.10±1.89 d 
Overall Means 190.50±2.78 
a-d; Table showing same alphabets do not differ significantly (P ≤ 0.01).  





PON-I is acting as antioxidant enzymatic defense against lipid hydroperoxides 
and lipid peroxides in low density lipoprotein (LDL) [116]. According to our results, 
there was a significant decrease in paraoxonase concentration with the progression of 
pregnancy in sheep groups; thus non pregnant animals had maximum value of 
paraoxonase in our results. However, information about serum PON-I and Arylesterase 
activity in veterinary medicine remained to be rare and there would scarce knowledge 
about relationship between PON-I and arylesterase activity during reproductive 
performance as well as during lactation in sheep [108]. 
To see the difference between Lohi sheep for arylesterase activity, two way 
ANOVA was used and Table 17 was presented the results. Significantly (P ≤ 0.01) 
different results were observed for Lohi sheep groups, their various pregnant stages 
as well as their interaction between groups and stages. Mean ± SE of arylesterase 
concentration in Lohi sheep was significantly different (P ≤ 0.01) not only during non 
pregnant stage but also throughout all the observed stages of pregnancy; lowest value 
has been observed in non pregnant animals that was increased significantly in early, 
mid and advanced pregnant animals respectively.  
 
Table 17. Evaluation of Arylesterase (Ary; KU/min/L) of Lohi sheep  during 










Groups (G) 1 816.003 816.003 233.028** 
Stages (S) 3 4468.284 1489.428 425.340** 
G × S 3 116.434 38.811 11.083** 
Error 72 252.125 3.502  
Total 39 5652.847   
**Significant - P ≤ 0.01   
 
An interaction between the groups was significantly different during all the animals 
whether non pregnant, early pregnant, mid pregnant or advance pregnant ones. In a 
comparison between groups of sheep for various stages of pregnancy irrespective to 
groups, overall mean arylesterase concentration has exhibited significantly different 





results in non pregnant and throughout various stages of pregnancy; Ary values were 
increased significantly from non pregnant to advanced pregnant stages in a sequence. 
The overall mean arylesterase concentration between these groups revealed 
statistically significant difference (Table 18). 
 
Table 18. Evaluation of Mean ± SE of Arylesterase (Ary; KU/min/L) of Lohi 
sheep during different stages of pregnancy  
Stages Lohi Sheep 
Non Pregnant (N.P) 53.75±0.57 d 
Early Pregnant (E.P) 58.70±0.80 c 
Mid Pregnant (M.P) 63.25±0.62 b 
Advance Pregnant (A.P) 74.65±0.86 a 
Overall Means 62.59±1.29 
a-d; Table showing same alphabets do not differ significantly (P ≤ 0.01).  
 
In our results, arylesterase activity was increased significantly from non 
pregnant to early, mid and late pregnant stages progressively in ewes.  
 Serum ceruloplasmin concentration in Lohi sheep was determined by using 
ANOVA (two way) and Table 19 has been shown the results. Sheep groups pertaining 
various pregnant stages were statistically different (P ≤ 0.01). However, interaction 
between groups and stages have not shown significant results. Serum Cp concentration 
was not given significantly different results in sheep. Non pregnant ewes and does 
having lowest value for Cp; the value increased non significantly to early, mid and 
advanced stages in sheep; however in does from mid to advance pregnant stage a non 
significant decrease in ceruloplasmin concentration was noted. Irrespective to groups, 
overall mean Cp concentration among various stages was significantly (P ≤ 0.01) 
different when compared non pregnant animals with mid and advance pregnant ones; 
however various pregnant stages among each other showed significantly the same 
results. Similarly, overall mean ceruloplasmin concentration between the groups was 
statistically different (Table 20). 
  





Table 19. Evaluation of Ceruloplasmin (Cp; U/L) of Lohi sheep during 










Groups (G) 1 1914.435 1914.435 8.102** 
Stages (S) 3 4958.418 1652.806 6.995** 
G × S 3 970.166 323.389 1.369 NS 
Error 72 17012.949 236.291  
Total 39 24855.968   
**Significant - P ≤ 0.01 NS - Non-Significant  
 
Table 20. Evaluation of Mean ± SE of Ceruloplasmin (Cp; U/L) of Lohi sheep 
during different stages of pregnancy  
Stages Lohi Sheep 
Non Pregnant (N.P) 119.60±0.82 NS 
Early Pregnant (E.P) 123.85±0.66 NS 
Mid Pregnant (M.P) 130.80±0.72 NS 
Advance Pregnant (A.P) 144.20±0.81 NS 
Overall Means 129.61±1.54 
NS - Non-Significant  
 
The present results were showing a non significant increase in serum 
ceruloplasmin concentration in non pregnant animals and throughout all the stages of 
pregnancy in sheep. Our results were confirmed by others where cerulolplasmin 
concentration was showing highest values in the pregnant ewe than non pregnant ones 
[127]. Ceruloplasmin is a vital intravascular antioxidant and controls lipid 
peroxidation. Furthermore, adrenal steroids are involved in stress-induced increase in 
ceruloplasmin activity. On the last week before parturition, oxidative stress level and 
lipid peroxidation increases in the pregnant animal.  
Copper mineral is the vital component in two of these enzymes which are 
necessary for immune response; ceruloplasmin and copper/zinc-superoxide 
dismutase.  





Total homocysteine concentration in serum of sheep has been analyzed by means 
of using two way ANOVA and Table 21 presented these results. Sheep groups through 
various pregnancy stages and groups × stages interaction exhibited significantly 
different (P ≤ 0.01) values. Mean ± SE of serum Hcy concentration in Lohi sheep groups 
was significantly different in non pregnant stage and throughout all the stages of 
pregnancy; the lowest values were observed in non pregnant animals while a 
significant increase was observed in early, mid and late pregnant animals respectively. 
In Lohi sheep, homocysteine concentration did show much high values during all 
stages of pregnancy. Overall mean Hcy concentration was also observed significantly 
different in sheep groups (Table 22). 
 
Table 21. Evaluation of Homocysteine (Hcy; µmol/L) of Lohi sheep during 










Groups (G) 1 3458.450 3458.450 866.568** 
Stages (S) 3 17333.575 5777.858 1447.732** 
G × S 3 2539.675 846.558 212.118** 
Error 72 287.350 3.991  
Total 39 23619.050   
**Significant - P ≤ 0.01  
 
Table 22. Evaluation of Mean ± SE of Homocysteine (Hcy; µmol/L) of Lohi 
sheep during different stages of pregnancy  
Stages Lohi Sheep 
Non Pregnant (N.P) 37.20±0.39 d 
Early Pregnant (E.P) 42.10±0.43 c 
Mid Pregnant (M.P) 54.20±0.79 b 
Advance Pregnant (A.P) 89.10±1.24 a 
Overall Means 55.65±3.27 
a-d; Table showing same alphabets do not differ significantly (P ≤ 0.01).  





Our results have shown a significant increased homocysteine concentration from 
non pregnant ewes to early, mid and advance pregnancy progressively. Our results 
were confirmed by other study in ewes; ovarian response was improved for given 
methyl-deficient diet along with increased homocysteine concentrations [128]. The 
reason for Hyper-homocysteinemia might be shown by those animals with missing 
enzymes for folate/methionine metabolism, and/or whose diets were deficient in B 
vitamins i.e. vitamin B12 and folate.  
Serum Aspartate transaminase concentration of Lohi sheep has been observed 
by two way ANOVA (Table 23). Sheep groups, various pregnancy stages along with G × 
S revealed different (P ≤ 0.01) results statistically. An increase in AST values was 
noticed from 1st stage of non pregnant animals up to mid pregnant ones; however a 
decrease was seen in the animals during advance pregnancy. Mid and advance 
pregnant ewes have shown significant different results whereas does have shown 
significantly same results during all the stages. It has shown that overall mean AST 
values among various stages irrespective to groups gave significantly (P ≤ 0.01) 
different results can be predicted that they were following the same pattern of an 
increase from non pregnant up to mid pregnancy stages than a significant decrease 
was noted during advance stages. Overall mean AST concentration was also 
significantly different between groups (Table 24).  
 
Table 23. Evaluation of Aspartate aminotransferase (AST; U/L) of Lohi 










Groups (G) 1 6863.512 6863.512 1374.994** 
Stages (S) 3 2687.337 895.779 179.455** 
G × S 3 2134.638 711.546 142.547** 
Error 72 359.400 4.992  
Total 39 12044.887   
**Significant - P ≤ 0.01  
 
 





Table 24. Evaluation of Mean ± SE of Aspartate aminotransferase (AST; 
U/L) of Lohi sheep during different stages of pregnancy  
Stages Lohi Sheep 
Non Pregnant (N.P) 19.35±0.43 c 
Early Pregnant (E.P) 22.00±0.47 c 
Mid Pregnant (M.P) 45.85±0.96 a 
Advance Pregnant (A.P) 36.60±0.90 b 
Overall Means 30.95±1.77 
a-c; Table showing same alphabets do not differ significantly (P ≤ 0.01).  
 
 To evaluate the variations of ALT concentration among various pregnant stages 
in sheep, two way Analysis of variance was applied (Table 25). Results for sheep 
groups and the interaction between groups × stages were not statistically significant. 
However, animals through various pregnant stages in sheep groups did show 
statistically different (P ≤ 0.01) results. Mean ± SE of ALT concentration was given 
significantly same results in ewes and does among all the stages of gestation. ALT 
concentration was showing non significant results; first a non significant increase was 
observed from non pregnant animals up to mid pregnant ones; however a non-
significant decrease in advanced pregnant stage was found in the groups. Overall mean 
ALT concentration for both the groups was given significantly the same results (Table 
26). 
 
Table 25. Evaluation of Alanine aminotransferase (ALT; U/L) of Lohi sheep 










Groups (G) 1 10.878 10.878 1.988 NS 
Stages (S) 3 2152.684 717.561 131.153** 
G × S 3 10.984 3.661 0.669 NS 
Error 72 393.925 5.471  
Total 39 2568.472   
**Significant - P ≤ 0.01 NS - Non-Significant  





Table 26. Evaluation of Mean ± SE of Alanine aminotransferase (ALT; U/L) 
of Lohi sheep during different stages of pregnancy  
Stages Lohi Sheep 
Non Pregnant (N.P) 21.60±1.13 NS 
Early Pregnant (E.P) 24.80±0.51 NS 
Mid Pregnant (M.P) 35.05±0.84 NS 
Advance Pregnant (A.P) 26.70±0.73 NS 
Overall Means 27.04±0.89 
NS - Non-Significant 
 
Gamma glutamyl transferase concentration was evaluated by using two way 
ANOVA for Lohi sheep and their results were given in Table 27. The results between 
the groups were statistically significant (P ≤ 0.05). Mean ± SE of serum gamma-
glutamyl transferase level has not been given any significant difference in sheep 
Šgroups. In Lohi sheep GGT concentration has not demonstrated significantly different 
results; a non significant decrease was observed from non pregnant to early pregnancy 
than there was an increase during mid pregnancy than a decrease was observed again 
during advanced pregnancy. However, results for overall mean GGT concentration 
between the groups was observed to be significantly different (Table 28). 
  





Table 27. Evaluation of Gamma-glutamyl transferase (GGT; U/L) of Lohi 










Groups (G) 1 2163.200 2163.200 4.981* 
Stages (S) 3 787.513 262.504 0.604 NS 
G × S 3 2915.625 971.875 2.238 NS 
Error 72 31270.150 434.308  
Total 39 37136.488   
*Significant - P ≤ 0.05  NS - Non-Significant  
 
Table 28. Evaluation of Mean ± SE of Gamma-glutamyl transferase (GGT; 
U/L) of Lohi sheep during different stages of pregnancy  
Stages Lohi Sheep 
Non Pregnant (N.P) 25.15±0.42 NS 
Early Pregnant (E.P) 19.60±0.72 NS 
Mid Pregnant (M.P) 30.30±14.41 NS 
Advance Pregnant (A.P) 14.30±0.45 NS 
Overall Means 22.34±3.6 
NS - Non-Significant  
 
In recent study Gamma-Glutamyl Transferase concentration gave significantly 
similar results in sheep through all the stages of pregnancy. In sheep, a non significant 
decrease in GGT level was observed from non pregnant to early pregnant ewes than 
GGT increased in mid pregnancy; however a decrease in GGT level was observed again 
in late pregnant stage. Our results were consistent with others observed non 
significant results for GGT concentration in dry sheep as well as during different 
pregnant stages.  
Others have also confirmed our results of non significant change in GGT between 
non pregnant and pregnant sheep [129].  
 





 Serum glucose concentration was measured for Lohi sheep groups through 
applying two way Analysis of variance and the results were shown by Table 29. Results 
for groups and interaction between groups × stages has not given significantly 
different results. However, various pregnant stages did show significant difference (P 
≤ 0.01). Serum glucose level was not given statistically different results in 1st stage of 
non-pregnant sheep as well as throughout all the stages of pregnancy; however a non 
significant increase from 1st stage of non-pregnant animals to early and mid pregnant 
ones was noted that was again shown a decrease in advanced stage of pregnancy. 
Overall mean glucose values were found significantly different in non pregnant 
animals and among all the pregnant stages; highest value was shown by mid pregnant 
animals while lowest value by non pregnant animals. These mean values have 
predicted the same pattern followed by each group individually. Overall mean glucose 
concentration revealed significantly the same results in both the groups (Table 30). 
 
Table 29. Evaluation of Glucose (mg/dL) of Lohi sheep during different 










Groups (G) 1 11.858 11.858 3.349 NS 
Stages (S) 3 1887.129 629.043 177.633** 
G × S 3 0.419 0.140 0.039 NS 
Error 72 254.970 3.541  
Total 39 2154.375   
**Significant - P ≤ 0.01 NS - Non-Significant  
 
The present study has observed significantly the same results for glucose 
concentration throughout all the stages of pregnancy in sheep. Glucose was increased 
non significantly from non pregnant to early and mid pregnancy than a non significant 
decrease was observed during late pregnancy. Others also confirmed our results that 
glucose level was not affected through various physiological statuses including all the 
stages of pregnancy and lactation.  





Sheep are usually protected from hypoglycaemia by eating large quantities of 
food, particularly grain, which increases the exogenous glucose supply. Then liver 
transforms glycogen to glucose, and body tissues of pregnant sheep perform the 
hydrolysis of fats, where the glycerin is transformed into glucose, and fatty acids 
oxidized due to the production of energy.  
 
Table 30. Evaluation of Mean ± SE of Glucose (mg/dL) of Lohi sheep during 
different stages of pregnancy  
Stages Lohi Sheep 
Non Pregnant (N.P) 39.90±0.53 NS 
Early Pregnant (E.P) 45.23±0.62 NS 
Mid Pregnant (M.P) 52.50±0.81 NS 
Advance Pregnant (A.P) 50.10±0.74 NS 
Overall Means 46.93±0.84 
NS - Non-Significant 
 
Through the use of Anlysis of variance (two way) serum cholesterol 
concentration has been evaluated to observe the variations in sheep groups (Table 31). 
Groups of Lohi sheep, various pregnant stages and groups and stages interaction had 
revealed statistically significant (P ≤ 0.01) results. Mean ± SE of serum cholesterol 
concentration in Lohi sheep have shown an increase with the advancement of 
pregnancy; however, significantly different results were observed in non pregnant and 
early pregnant ewes; mid and advance pregnant ewes have shown a non significant 
increase in cholesterol concentration. Overall mean for both the groups was also 













Table 31. Evaluation of Cholesterol (mg/dL) of Lohi sheep during different 










Groups (G) 1 1113.778 1113.778 229.235** 
Stages (S) 3 10747.484 3582.495 737.339** 
G × S 3 623.634 207.878 42.785** 
Error 72 349.825 4.859  
Total 39 12834.722   
**Significant - P ≤ 0.01 
 
Table 32. Evaluation of Mean ± SE of Cholesterol (mg/dL) of Lohi sheep 
during different stages of pregnancy  
Stages Lohi Sheep 
Non Pregnant (N.P) 30.20±0.42 c 
Early Pregnant (E.P) 43.80±0.76 b 
Mid Pregnant (M.P) 61.50±0.91 a 
Advance Pregnant (A.P) 63.90±0.88 a 
Overall Means 49.85±2.23 
a-c; Table showing same alphabets do not differ significantly (P ≤ 0.01).  
 
Serum cholesterol concentration in Lohi sheep were increased significantly from 
non pregnant animals to advanced stages of pregnancy, however in mid and advanced 
pregnant ewes this increase in cholesterol was non significant. Other research proved 
our results by finding significantly higher concentrations of the cholesterol in the 
pregnant ewes as compared to the non-pregnant ones. The reason for these increased 
values might be due to the enhanced lipid profile activity as indicated by increased 
cholesterol concentration. Resultantly, there was reduced in response of target tissue 
towards insulin during advanced pregnancy. These fatty acids utilization from adipose 
tissue was also the new source for the growth of foetus.  
Significantly increased levels of cholesterol during pregnancy in sheep could be 
due to its role in ovarian steroidogenesis.  





 To evaluate variations in HDL-cholesterol level among various pregnant stages, 
two way Analysis of variance was applied (Table 33). Results for Lohi sheep ž groups 
and various pregnant stages as well as groups × stages interaction were different (P ≤ 
0.01) significantly. In Lohi sheep, serum HDL-cholesterol concentration has been 
observed significantly (P ≤ 0.01) different, insignificant decrease in HDL-C eas 
observed from non-pregnant animals were shown a decrease from non pregnant stage 
up to advance pregnant stage progressively. The overall mean HDL-C concentration 
was also significantly different (Table 34). 
 
Table 33. Evaluation of HDL-Cholesterol (HDL-C; mg/dL) of Lohi sheep 










Groups (G) 1 130.050 130.050 16.139** 
Stages (S) 3 6306.813 2102.271 260.882** 
G × S 3 100.825 33.608 4.171** 
Error 72 580.200 8.058  
Total 39 7117.888   
**Significant - P ≤ 0.01 
 
Table 34. Evaluation of Mean ± SE of HDL-Cholesterol (HDL-C; mg/dL) of 
Lohi sheep during different stages of pregnancy  
Stages Lohi Sheep 
Non Pregnant (N.P) 40.15±1.86 a 
Early Pregnant (E.P) 32.75±0.86 b 
Mid Pregnant (M.P) 27.25±0.55 c 
Advance Pregnant (A.P) 18.60±0.64 d 
Overall Means 29.69±1.37 
a-d; Table showing same alphabets do not differ significantly (P ≤ 0.01).  
 
 





Serum LDL-cholesterol concentration was determined to observe the difference 
between sheep groups, for this purpose two way ANOVA was used and Table 35 
expressed these results. Results for Lohi sheep groups and during various pregnant 
stages and the groups × stages interaction have been different (P ≤ 0.01) significantly. 
Mean ± SE of serum LDL-cholesterol concentration exhibited significant different 
results during early and mid pregnancy in ewes; an increase in LDL-C level was 
observed from non-pregnant to mid pregnant stage but it was decrease in advance 
pregnancy thus giving values similar to early pregnancy. Non pregnant and mid 
pregnant animals were shown significantly different values. Overall mean LDL-C 
concentration among various stages were revealed significantly different results not 
only in non pregnant animals but also throughout all the stages of pregnancy; the 
highest values were observed in mid pregnant animals while the lowest value was 
shown by non-pregnant ones. Overall mean LDL-C concentration differed significantly 
(Table 36). 
 
Table 35. Evaluation of LDL-Cholesterol (LDL-C; mg/dL) of Lohi sheep 










Groups (G) 1 1284.003 1284.003 276.398** 
Stages (S) 3 2225.009 741.670 159.654** 
G × S 3 195.609 65.203 14.036** 
Error 72 334.475 4.645  
Total 39 4039.097   
**Significant - P ≤ 0.01 
 
Serum triglycerides concentration was observed to see the difference between 










Table 36. Evaluation of Mean ± SE of LDL-Cholesterol (HDL-C; mg/dL) of 
Lohi sheep during different stages of pregnancy  
Stages Lohi Sheep 
Non Pregnant (N.P) 27.45±0.42 c 
Early Pregnant (E.P) 33.15±0.63 b 
Mid Pregnant (M.P) 39.05±0.63 a 
Advance Pregnant (A.P) 25.75±0.96 c 
Overall Means 31.35±0.9 
a-c; Table showing same alphabets do not differ significantly (P ≤ 0.01).  
 
Lohi sheep groups, various pregnant stages and groups × stages interaction have 
been manifested significantly different results. Mean ± SE of serum triglycerides 
concentration in Lohi sheep groups observed a significant (P ≤ 0.01) increase from 1st 
stage of non-pregnant animals up to last stage of pregnancy (advanced pregnancy) 
progressively. Overall mean triglycerides concentration resulted into significantly 
different values (Table 38). 
 
Table 37. Evaluation of Triglycerides (TG; mg/dL) of Lohi sheep during 










Groups (G) 1 6107.513 6107.513 761.127** 
Stages (S) 3 34481.362 11493.787 1432.372** 
G × S 3 485.363 161.788 20.162** 
Error 72 577.750 8.024  
Total 39 41651.988   











Table 38. Evaluation of Mean ± SE of Triglycerides (TG; mg/dL) of Lohi 
sheep during different stages of pregnancy  
Stages Lohi Sheep 
Non Pregnant (N.P) 61.00±0.94 d 
Early Pregnant (E.P) 87.35±0.73 c 
Mid Pregnant (M.P) 101.55±0.73 b 
Advance Pregnant (A.P) 123.50±0.91 a 
Overall Means 93.35±3.65 
a-d; Table showing same alphabets do not differ significantly (P ≤ 0.01).  
 
 To observe the difference between Lohi sheep for serum triiodothyronine 
concentration, two way ANOVA was used; Table 39 presented these results. Results for 
Lohi sheep groups, various pregnant stages and groups × stages interactions were 
differed (P ≤ 0.01) significantly. In the sheep, triiodothyronine concentration has been 
shown an increase from 1st stage of non-pregnant ewes throughout subsequent stages 
of pregnancy. Significantly different results for overall mean T3 values were observed 
only during early and mid pregnant stages. Overall mean T3 values for groups were 
significantly different (Table 40). 
 
Table 39. Evaluation of Triiodothyronine (T3; ng/mL) of Lohi sheep during 










Groups (G) 1 2.992 2.992 94.291** 
Stages (S) 3 8.455 2.818 88.834** 
G × S 3 29.121 9.707 305.960** 
Error 72 2.284 0.032  
Total 39 42.852   









Table 40. Evaluation of Mean ± SE of Triiodothyronine (T3; ng/mL) of Lohi 
sheep during different stages of pregnancy  
Stages Lohi Sheep 
Non Pregnant (N.P) 2.43±0.04 c 
Early Pregnant (E.P) 2.48±0.05 c 
Mid Pregnant (M.P) 3.41±0.08 b 
Advance Pregnant (A.P) 4.04±0.08 a 
Overall Means 3.09±0.11 
a-c; Table showing same alphabets do not differ significantly (P ≤ 0.01).  
 
 Variation in the serum thyroxine concentration was evaluated by using two way 
ANOVA in Lohi sheep groups and Table 41 showed these results. Lohi sheep groups 
were not given any statistically different results. However, various pregnancy stages 
and groups × stages interaction exhibited significantly different (P ≤ 0.01) results. In 
ewes, serum thyroxine level was decreased from non-pregnant to early stage of 
pregnancy but increased in subsequent stages; however significantly different results 
were observed by advance pregnant ewes only. However, early with mid pregnant 
animals and advance with non pregnant animals presented similar values. Overall 
mean T4 value was also significantly the same in all groups (Table 41). 
 
Table 41. Evaluation of Thyroxinee (T4; µg/dL) of Lohi sheep during 










Groups (G) 1 0.003 0.003 0.001 NS 
Stages (S) 3 707.959 235.986 72.557** 
G x S 3 800.109 266.703 82.001** 
Error 72 234.175 3.252  
Total 39 1742.247   
**Significant - P ≤ 0.01 NS - Non-Significant  
 





Table 42. Evaluation of Mean ± SE of Thyroxinee (T4; µg/dL) of Lohi sheep 
during different stages of pregnancy  
Stages Lohi Sheep 
Non Pregnant (N.P) 31.00±0.56 bc 
Early Pregnant (E.P) 28.55±0.62 cd 
Mid Pregnant (M.P) 31.10±0.66 b 
Advance Pregnant (A.P) 39.40±0.62 a 
Overall Means 32.51±0.72 
a-d; Table showing same alphabets do not differ significantly (P ≤ 0.01).  
 
 
By using two way analysis of variance, variations in serum cortisol concentration 
from sheep groups pertaining various pregnant stages was evaluated (Table 43). Lohi 
sheep groups at different pregnant stages and groups × stages interaction exhibited 
significant (P ≤ 0.01) results. Serum cortisol concentration was increased from 1st stage 
of non-pregnant ones up to advanced stage of pregnancy in both sheep; however, 
significantly different serum cortisol concentration was only observed within non 
pregnant ewes. Statistically different results were also observed for overall mean 
cortisol concentration between the groups (Table 44). 
 
Table 43. Evaluation of Cortisol (ng/mL) of Lohi sheep during different 










Groups (G) 1 8.385 8.385 254.202** 
Stages (S) 3 29.554 9.851 298.655** 
G × S 3 4.495 1.498 45.427** 
Error 72 2.375 0.033  
Total 39 44.810   
**Significant - P ≤ 0.01 
 





Table 44. Evaluation of Mean ± SE of Cortisol (ng/mL) of Lohi sheep during 
different stages of pregnancy  
Stages Lohi Sheep 
Non Pregnant (N.P) 3.79±0.07 d 
Early Pregnant (E.P) 4.63±0.05 c 
Mid Pregnant (M.P) 4.74±0.05 bc 
Advance Pregnant (A.P) 4.93±0.06 ab 
Overall Means 4.52±0.08 
a-d; Table showing same alphabets do not differ significantly (P ≤ 0.01).  
  





5.2. Parameters during lactation 
 
 
In Lohi sheep, total antioxidant status was determined by analyzing through two 
way Analysis of variance (Table 45). Sheep groups at various lactation stages showed 
significantly (P ≤ 0.01) different results. However, a group × stages interaction did not 
manifest significantly different results. Total antioxidant status concentration 
insignificantly increased from lactation I to II while showed a non significant decrease 
in stage III.  Although overall mean among various stages irrespective to groups were 
shown significantly different results; highest TAS value was observed in lactation stage 
II animals while the lowest was shown by lactation stage III animals. Similarly, overall 
mean was also significantly different. 
 
Table 45. Evaluation of Mean ± SE of Total antioxidant status (TAS; mmol 
Trolox Equiv./L) of Lohi sheep during different stages of lactation 
Lactation Period Lohi Sheep 
Lactation (Stage I) 2.03±0.09 b 
Lactation (Stage II) 3.05±0.07 a 
Lactation (Stage III) 1.76±0.04 c 
Overall Mean 2.28±0.11 
a-c; Table showing same alphabets do not differ significantly (P ≤ 0.01).  
 
 Total oxidant status was analyzed through the use of two way analysis of 
variance and its variations were observed in Lohi sheep groups and Table 46 presented 
these results. Results for Lohi sheep groups, various lactation stages and groups and 
stages interaction revealed statistically significant (P ≤ 0.01) results. In Lohi sheep, 
total oxidant status has differed (P ≤ 0.01) significantly throughout all stages of 
lactation. Highest TOS value was observed in lactation stage-II animals while a 
decrease was exhibited by lactation stage I and III animals. Overall mean total oxidant 
status values among various lactation stages revealed statistically different (P ≤ 0.01) 
results through all the stages of lactation, highest values were observed during 
lactation stage I whereas lactation stage III animals have shown the lowest TOS values. 





Overall mean total oxidant status concentration for Lohi sheep groups displayed 
statistically different results. 
The present findings about Lohi sheep have shown significantly results for 
Total Antioxidant Status. A non significant increase was observed; TAS first increased 
from lactation I to II stage then decreased in lactation stage III. These results were 
consistent with others which have also found a non significant difference of TAS in 
different breeds of sheep [130].  
 
Table 46. Evaluation of Mean ± SE of Total oxidant status (TOS; µmol H2O2 
Equiv./L) of Lohi sheep during different stages of lactation 
Lactation Period Lohi Sheep 
Lactation (Stage I) 1.85±0.03 b 
Lactation (Stage II) 2.56±0.04 a 
Lactation (Stage III) 1.64±0.05 c 
Overall Mean 2.02±0.08 
a-c; Table showing same alphabets do not differ significantly (P ≤ 0.01).  
 
 In sheep at different lactation stages and in groups × stages interaction, 
significant different results (P ≤ 0.01) were obtained. Mean ± SE of serum 
malondialdehyde concentration was observed different (P ≤ 0.01) significantly 
through different lactation stages in Lohi sheep. Highest malondialdehyde value in 
sheep was seen at lactation stage-II and lowest during lactation stage I. Overall mean 
malondialdehyde values among various lactation stages have shown significant 
variations in lactation stage I while lactation II and III have shown significantly same 
results. Overall mean revealed significantly same results (Table 47). 
Total Oxidant Status has shown significantly different results in ewes; highest 
value was observed dring lactation stage II whereas lowest by stage III animals. These 
results were consistent with others which have reported a significant increase in TOS 
concentration during 1st and 5th month of lactation in oxytocin injected buffaloes as 
compared to non treated animals.  
There would be many factors involved in increased TOS concentration in early 
lactation and peak of lactation. Firstly, higher level of oxidative stress during extreme 





negative energy balance (NEB) might be a sign of reduction of antioxidants precursors. 
Secondly, milk production is associated with oxidative stress due to the increased 
cellular metabolism involved  and high ROMs production in low producing animals. 
Animals were exposed to a variety of metabolic and environmental stresses which 
might be the reason of rise in plasma TOS concentration.  
 
Table 47. Evaluation of Mean ± SE of Malondialdehyde (MDA; mmol/mL) of 
Lohi sheep during different stages of lactation 
Lactation Period Lohi Sheep 
Lactation (Stage I) 1.02±0.09 c 
Lactation (Stage II) 2.43±0.08 a 
Lactation (Stage III) 2.08±0.09 b 
Overall Mean 1.84±0.12 
a-c; Table showing same alphabets do not differ significantly (P ≤ 0.01).  
 
Highest value of MDA was observed during mid lactation in Lohi sheep. These 
results were in line with the findings of other research confirmed that there was clearly 
an increase in the MDA level from 1 day after lambing i.e. early lactation earlier than 
the 8th week of lactation i.e. mid lactation observed in sheep.  
The likely cause of this rise in MDA concentration could be due to 
overproduction of free radicals and thus induction of lipid peroxidation. The other 
reason for steady increase of MDA concentration with the advancement of lactation 
was due to hypothyroidism. Decreased level of T3 and T4 with the advancement of 
lactation in our findings also confirmed these.  
 In Lohi sheep serum superoxide dismutase concentration was shown 
significantly (P ≤ 0.01) different results during various stages of lactation; highest 
superoxide dismutase value was observed in lactation stage-II followed a decrease by 
lactation stage-III and stage I animals. Irrespective to groups, overall mean SOD values 
for various lactation stages were found significant through all the lactation stages, 
followed similar pattern of highest value by lactation stage II and lowest among stage 
I animals (Table 48). 
 





Table 48. Evaluation of Mean ± SE of Superoxide dismutase (SOD; µ/mL) of 
Lohi sheep during different stages of lactation 
Lactation Period Lohi Sheep 
Lactation (Stage I) 1.58±0.06 c 
Lactation (Stage II) 2.57±0.04 a 
Lactation (Stage III) 2.07±0.08 b 
Overall Mean 2.07±0.08 
a-c; Table showing same alphabets do not differ significantly (P ≤ 0.01).  
 
 In Lohi sheep, catalase concentration has been manifested significantly 
different results in lactation stage-I; significantly same values were obtained in stage 
II and III. Overall mean serum catalase values among various lactation stages 
irrespective to sheep groups have shown significantly (P ≤ 0.01) different results 
throughout all the stages of lactation; highest values were observed by lactating stage 
II animals following a significant decrease by stage III and I animals (Table 49). 
 
Table 49. Evaluation of Mean ± SE of Catalase (CAT; KU/L) of Lohi sheep 
during different stages of lactation 
Lactation Period Lohi Sheep 
Lactation (Stage I) 1.23±0.05 b 
Lactation (Stage II) 2.48±0.07 a 
Lactation (Stage III) 2.46±0.05 a 
Overall Mean 2.06±0.11 
a-b; Table showing same alphabets do not differ significantly (P ≤ 0.01).  
  
In Lohi sheep, vitamin E concentration decreased insignificantly from lactation 
stage I to II and than an increase was observed during lactation stage III which was 
also non significant. Irrespective to sheep groups, overall mean vitamin E 
concentration among various stages was found significant throughout all the stages of 
lactation; lowest vitamin E values were observed by lactation stage-II animals while 
highest by lactation stage-III animals (Table 50). 
 





Table 50. Evaluation of Mean ± SE of Vitamin E (Vit. E; µmol/L) of Lohi 
sheep during different stages of lactation 
Lactation Period Lohi Sheep 
Lactation (Stage I) 1.40±0.01 NS 
Lactation (Stage II) 1.29±0.02 NS 
Lactation (Stage III) 1.51±0.01 NS 
Overall Mean 1.40±0.02 
NS - Non-Significant 
 
A non significant increase was observed from stage-I to lactation stage II that 
was, however, decreased insignificantly during lactation stage-III in Lohi. Overall mean 
serum vitamin C concentration among different stages of lactation irrespective to 
groups was found significantly different throughout all the lactation stages; the highest 
vit. C value was observed at lactation stage II and lowest was found during lactation 
stage III (Table 51). 
 
Table 51. Evaluation of Mean ± SE of Vitamin C (Vit. C; µmol/L) of Lohi 
sheep during different stages of lactation 
Lactation Period Lohi Sheep 
Lactation (Stage I) 4.03±0.04 NS 
Lactation (Stage II) 4.91±0.08 NS 
Lactation (Stage III) 3.07±0.08 NS 
Overall Mean 4.00±0.14 
NS - Non-Significant 
 
 Serum PON I concentration has not shown significantly different values through 
various stages of lactation in sheep groups; highest value was shown at lactation stage 
II than decreased non significantly in stage III and I of lactation. Overall mean 
paraoxonase values among various lactation stages were found significantly different 
throughout all stages of lactation; the highest PON-I value was observed during 
lactation stage II and lowest was during lactation stage I (Table 52). 
 





Table 52. Evaluation of Mean ± SE of Paraoxonase (PON-I; U/min/mL) of 
Lohi sheep during different stages of lactation 
Lactation Period Lohi Sheep 
Lactation (Stage I) 148.50±9.60 NS 
Lactation (Stage II) 174.50±1.04 NS 
Lactation (Stage III) 165.50±1.23 NS 
Overall Mean 162.83±3.72 
NS - Non-Significant 
 
When arylesterase concentration was studied during various stages, insignificant 
decreased values were noted from early (I) to mid stage of lactation (II) than an 
increase was seen during late stage (III). Overall mean arylesterase values among 
various stages were found significantly (P ≤ 0.01) different through all the lactation 
stages, highest values were found in lactating stage I animals and lowest by the animals 
at lactation stage II (Table 53). 
 
Table 53. Evaluation of Mean ± SE of Arylesterase (Ary; KU/min/L) of Lohi 
sheep during different stages of lactation 
Lactation Period Lohi Sheep 
Lactation (Stage I) 62.60±0.69 a 
Lactation (Stage II) 52.45±1.03  c 
Lactation (Stage III) 57.00±1.37 b 
Overall Mean 57.35±0.97 
a-c; Table showing same alphabets do not differ significantly (P ≤ 0.01).  
 
Serum ceruloplasmin concentration in Lohi sheep has shown significantly 
different results only during lactation stage-II; lactation stage I and III were given 
significantly the same values. Overall mean ceruloplasmin values through various 
stages of lactation irrespective to groups were significantly different throughout all the 
lactation stages; highest Cp values were found during lactation stage II followed a 
significant decrease in lactation stage III and stage I animals (Table 54). 
 





Table 54. Evaluation of Mean ± SE of Ceruloplasmin (Cp; U/L) of Lohi sheep 
during different stages of lactation 
Lactation Period Lohi Sheep 
Lactation (Stage I) 132.05±1.47 b 
Lactation (Stage II) 141.10±0.81 a 
Lactation (Stage III) 128.40±1.01 b 
Overall Mean 133.85±1.17 
a-b; Table showing same alphabets do not differ significantly (P ≤ 0.01).  
 
 There was observed non significant decrease in homocysteine concentration 
from lactation stage I to III in sheep. Overall mean homocysteine values among various 
stages were found significantly different throughout all the lactation stages; a 
significant decrease in Hcy was observed from lactation stage I to stage III animals 
(Table 55). 
 
Table 55. Evaluation of Mean ± SE of Homocysteine (Hcy; µmol/L) of Lohi 
sheep during different stages of lactation 
Lactation Period Lohi Sheep 
Lactation (Stage I) 64.20±0.79 a 
Lactation (Stage II) 48.10±0.69 b 
Lactation (Stage III) 42.20±0.59 c 
Overall Mean 51.50±1.77 
a-c; Table showing same alphabets do not differ significantly (P ≤ 0.01).  
 
In Lohi sheep groups, mean ± SE of serum aspartate aminotransferase 
concentration was not manifested significantly different results; although the highest 
AST value was showed by lactation stage I animals than a non significant decrease was 
observed among various stages of lactation in a sequence. Overall mean aspartate 
aminotransferase values among various lactation stages showed significantly different 
results throughout all the stages; a significant decrease was observed from lactation 
stage I to lactation stage III (Table 56). 
 





Table 56. Evaluation of Mean ± SE of Aspartate aminotransferase (AST; 
U/L) of Lohi sheep during different stages of lactation 
Lactation Period Lohi Sheep 
Lactation (Stage I) 56.85±0.84 NS 
Lactation (Stage II) 46.00±0.56 NS 
Lactation (Stage III) 43.45±0.30 NS 
Overall Mean 48.77±1.13 
NS - Non-Significant 
 
 Mean ± SE of serum alanine aminotransferase concentration in sheep was not 
differ significantly during all the stages of lactation; however the value of ALT was 
observed significantly increased from stage-I of lactation to stage-III in a sequence. A 
significant increased ALT concentration was observed from lactation stage I to stage 
III (Table 57).  
 
Table 57. Evaluation of Mean ± SE of Alanine aminotransferase (ALT; U/L) 
of Lohi sheep during different stages of lactation 
Lactation Period Lohi Sheep 
Lactation (Stage I) 8.37±0.14 c 
Lactation (Stage II) 15.83±0.38 b 
Lactation (Stage III) 18.43±0.25 a 
Overall Mean 14.21±0.81 
a-c; Table showing same alphabets do not differ significantly (P ≤ 0.01).  
 
The highest GGT level was observed in lactation stage-I animals than a 
significant decrease has been noted from mid (II) to late (III) lactation respectively in 
both ewes and does. Moreover, Lohi sheep did show much higher gamma-glutamyl 
transferase concentration during all the lactation stages. Overall mean GGT values 
among various stages irrespective to groups exhibited significantly different results 
through all the lactation stages thus followed similar sequence of significant decrease 
from lactation stage I to stage III (Table 58). 
 





Table 58. Evaluation of Mean ± SE of Gamma-glutamyl transferase (GGT; 
U/L) of Lohi sheep during different stages of lactation 
Lactation Period Lohi Sheep 
Lactation (Stage I) 24.50±0.50 a 
Lactation (Stage II) 16.90±0.53 b 
Lactation (Stage III) 15.05±0.37 c 
Overall Mean 18.82±0.8 
a-c; Table showing same alphabets do not differ significantly (P ≤ 0.01).  
 
Glucose concentration in sheep throughout all the lactation stages has not been 
manifested different results significantly. A non significant increase in glucose 
concentration was observed from stage-I to stage-II of lactation that was however 
decreased during lactation stage-III (Table 59). 
 
Table 59. Evaluation of Mean ± SE of Glucose (mg/dL) of Lohi sheep during 
different stages of lactation 
Lactation Period Lohi Sheep 
Lactation (Stage I) 36.15±0.43 NS 
Lactation (Stage II) 41.80±0.53 NS 
Lactation (Stage III) 32.55±1.00 NS 
Overall Mean 36.83±0.81 
NS - Non-Significant 
 
In Lohi sheep, serum cholesterol concentration has shown an increase from 
stage-I of lactation to stage-II that decreased in stage-III; lactation stage I and III 
showed significantly the same cholesterol concentration. Overall mean cholesterol 
values among various stages have showed different (P ≤ 0.01) results throughout all 
the lactation stages in both the groups thus followed similar pattern of highest values 
at lactation-II and lowest at III stage (Table 60).   
 
 





Table 60. Evaluation of Mean ± SE of Cholesterol (mg/dL) of Lohi sheep 
during different stages of lactation 
Lactation Period Lohi Sheep 
Lactation (Stage I) 41.80±0.61 b 
Lactation (Stage II) 52.00±0.94 a 
Lactation (Stage III) 40.10±0.90 cb 
Overall Mean 44.63±1.08 
a-c; Table showing same alphabets do not differ significantly (P ≤ 0.01).  
 
Serum HDL-cholesterol concentration has been found significantly similar in 
sheep during various stages of lactation; non-significantly highest and lowest values 
for HDL-C concentration were observed by lactation stage II and lactation stage I 
animals respectively. Overall mean HDL-C concentration between groups has not 
revealed significantly different results (Table 61). 
 
Table 62. Evaluation of Mean ± SE of HDL-Cholesterol (HDL-C; mg/dL) of 
Lohi sheep during different stages of lactation 
Lactation Period Lohi Sheep 
Lactation (Stage I) 23.15±0.71 NS 
Lactation (Stage II) 35.40±0.97 NS 
Lactation (Stage III) 27.55±0.49 NS 
Overall Mean 28.70±1.03 
NS - Non-Significant 
 
Mean ± SE of serum LDL-C concentration in Lohi sheep exhibited statistically 
different results only during lactation stage-III; lactation stage I and II showed 
significantly same values. Overall mean LDL-C concentration among various lactation 









Table 63. Evaluation of Mean ± SE of LDL-Cholesterol (LDL-C; mg/dL) of 
Lohi sheep during different stages of lactation 
Lactation Period Lohi Sheep 
Lactation (Stage I) 22.45±0.82 b 
Lactation (Stage II) 20.00±0.88 b 
Lactation (Stage III) 27.00±0.58 a 
Overall Mean 23.15±0.69 
a-b; Table showing same alphabets do not differ significantly (P ≤ 0.01).  
 
Serum triglycerides level was decreased significantly from lactation stage-I to 
stage-III in Lohi sheep. Overall mean TG values among various stages, serum 
triglycerides has shown statistically significant (P ≤ 0.01) values throughout all the 
stages of lactation; triglycerides concentration was significantly increased from stage-
I of lactation to stage-III in a sequence (Table 64). 
 
Table 64. Evaluation of Mean ± SE of Triglycerides (TG; mg/dL) of Lohi 
sheep during different stages of lactation 
Lactation Period Lohi Sheep 
Lactation (Stage I) 107.00±1.78 a 
Lactation (Stage II) 78.85±0.94 b 
Lactation (Stage III) 58.70±0.93 c 
Overall Mean 81.52±3.75 
a-c; Table showing same alphabets do not differ significantly (P ≤ 0.01).  
 
Serum triiodothyronine level has observed different (P ≤ 0.01) significantly only 
during stage-I of in Lohi sheep; whereas lactation stage-II and III have shown 
significantly the same values. Overall mean triiodothyronine concentration among 
different lactation stages were found significantly (P ≤ 0.01) different throughout all 
the stages of lactation, highest value was found during lactation stage I and lowest by 
lactation stage II animals (Table 65). 
 





Table 65. Evaluation of Mean ± SE of Triiodothyronine (T3; ng/mL) of Lohi 
sheep during different stages of lactation 
Lactation Period Lohi Sheep 
Lactation (Stage I) 1.68±0.05 a 
Lactation (Stage II) 1.37±0.01 b 
Lactation (Stage III) 1.33±0.01 b 
Overall Mean 1.46±0.03 
a-b; Table showing same alphabets do not differ significantly (P ≤ 0.01).  
 
Serum thyroxine level has significantly been different in lactation-I in Lohi sheep. 
Overall mean thyroxine values among various stages of lactation were observed 
significant throughout all the stages of lactation; a significant decrease was observed 
from lactation stage I to stage III in a sequence (Table 66). 
 
Table 66. Evaluation of Mean ± SE of Thyroxine (T4; µg/dL) of Lohi sheep 
during different stages of lactation 
Lactation Period Lohi Sheep 
Lactation (Stage I) 32.75±0.55 a 
Lactation (Stage II) 26.55±0.44 b 
Lactation (Stage III) 27.40±0.28 b 
Overall Mean 28.90±0.57 
a-b; Table showing same alphabets do not differ significantly (P ≤ 0.01).  
 
Serum cortisol level during various lactation stages has also exhibited 
significantly same results. Insignificant decrease in cortisol concentration has been 
noted from stage-I of lactation to stage-III. Overall mean serum cortisol concentration 
among various lactation stages was observed significantly different throughout all 
lactation stages; a significant decrease in cortisol concentration was found from 
lactation stage I to stage-III (Table 67). 
 
 





Table 67. Evaluation of Mean ± SE of Cortisol (ng/mL) of Lohi sheep  during 
different stages of lactation 
Lactation Period Lohi Sheep 
Lactation (Stage I) 3.53±0.09 NS 
Lactation (Stage II) 2.58±0.08 NS 
Lactation (Stage III) 2.02±0.06 NS 
Overall Mean 2.71±0.12 
NS - Non-Significant 
 
In recent studies, serum cortisol concentration has shown non significant results 
throughout various stages of lactation in sheep. However, non significant decrease in 
cortisol concentration was observed through various stages of lactation. Others 
observed the same results [131] of non significant decrease in cortisol concentration 
during different lactation periods. Similarly, other research resulted in decreased 
cortisol concentration through various stages of lactation [132]. It was reported [133] 
significantly the same results in control group as compared to vitamin C supplemented 
sheep which showed significantly decreased level of cortisol durin lactation.














Prooxidant or antioxidant statuses along with biochemical parameters were 
considered useful tools for evaluation of oxidative stress during physiologically stress 
condition of sheep gestation. Additionally, these tools might be useful for improved 
management strategies during farm conditions in ewes and even goats. Animals were 
facing oxidative stress as indicated through increased prooxidants; MDA, TOS and 
decrease in antioxidant capacity; TAS, SOD, CAT, PON-I and HCy with the progression 
of pregnancy. Likewise, striking changes in various enzymes, hormones and energy 
metabolites were the requirement of physiological adaptation during stress period. 
As the lactation is the most energy demanding period in the life of organism as 
the production of reactive oxygen species were enhanced and oxidative stress is 
positively correlated with the production of the animal. The markers of oxidative 
status and metabolic profile along with enzymes and hormones in lactating ewes 
undergoes maximum strain and animals have been experienced oxidative stress in 
early lactation and at peak of lactation time than it gradually diminished.  
The use of oxidants and antioxidants markers along with blood metabolic profile 
is one of the recommended procedures for monitoring health status during this critical 
period and to evade reduced productive performance and economic losses.
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